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ABSTRACT
Infection cushions were formed in a similar manner on soybean leaves by 
Rhizoctonia solani AO-1 IA (aerial blight) and AO-1 IB (web blight) isolates, 
however, AO-1 IB produced more mucilagenous material. Leaf topography did not 
induce infection cushion formation. More infection cushions were formed by isolates 
of AG-1 IA and IB on collodion membranes placed over leaves of susceptible 
compared to resistant cultivars. Glucose and 3-O-methylglucose repressed disease 
severity caused by AG-1 IA and IB isolates to the same extent. However, when the 
solutions were applied 40 h or longer after inoculation, no repression was observed. 
Disease severity and number of infection cushions were significantly correlated.
Isolates of AG-1 IA formed more infection cushions and caused greater disease 
severity than AG-1 IB isolates at 35 C. There were no significant differences at 20, 
25, and 30 C. Only isolates of R . solani AG-t IA, IB, IC, AG-4, and AG-5 
formed infection cushions, while other AG's did not.
More seedling infections occurred at 20-25 C, whereas, more leaf infections were 
observed at 25-30 C by both AG-1 IA and IB indicating that infection and 
colonization of different host parts are affected differently by temperature.
Double-stranded RNA (dsRNA) was detected in 63% of R. solani AG-1 IA and 
IB isolates. Most AG-1 IA isolates had seven dsRNA components with molecular 
sizes ranging from 1.3-9.3 kb. Most AG-1 IB isolates had a large 12 kb dsRNA and 
these components appeared to be different from dsRNA of other AG's. DsRNA 
components were stable through successive subculturing and were located in the 
cytoplasm. DsRNA was not detected in isolates of AG-t IB (2 tested) and one isolate 
of AG-1 IA (2 tested) after 1 wit of growth at 35 C. The presence or absence of 
dsRNA in AG-1 IA or IB isolates did not correlate with virulence or mycelial growth.
x i i i
Disease severity determined with a detached leaf inoculation technique was 
correlated with Rhizoctonia foliar blight ratings of soybean cultivars in an inoculated 






Rhizoctonia foliar blight (RFB) of soybean (Glycine max (L.) Merr.) is caused 
mainly by Rhizoctonia solani Ktthn anastomosis group one (AG-1). RFB is a 
destructive foliar disease in the subtropical and tropical regions of the world 
(1.1,1.36). During warm and moist weather, the disease causes rapid and severe 
defoliation of soybean plants resulting in yield losses (1.4,1.22,1.24,1.38,1.39). In 
the United States, the disease has been reported in most of the southern states 
(1.4,1.6,1.40,1.48). The disease was first reported in Louisiana in 1954 by Atkins 
and Lewis (1.4), and presently, the disease occurs in most soybean-producing 
regions of the state (1.48). RFB of soybean has been divided into two types on the 
basis of symptoms and sclerotia production. The web blight type is caused by R 
solani AG-1 Intraspecific group IB (AG-1 IB, web blight subgroup), and is 
characterized by the production of abundant microsclerotia on diseased tissue during 
the growing season (1.45,1.48). The aerial blight type is caused by R. solani AG-1 
IA (sheath blight subgroup), and is characterized by the production of sasakii-type 
sclerotia on diseased tissue (1.45,1.48). The prevalence of the two intraspecific 
groups varies from location to location in Louisiana (1.48). However, in most 
cases, both the aerial and the web blight types can be found in the same field (1.48) 
and sometimes on the same plant Isolates of R . solani AG-1 IA and IB have also 
been demonstrated to be genetically different (1.29,1.30,1.43). The aerial blight 
pathogen also causes rice sheath blight, and the increase of rice sheath blight in 
Louisiana and Texas is considered to be a result of soybcan-rice rotation 
(1.6,1.23,1.39).
The RFB pathogen spreads in the canopy by means of mycelial bridges between 
leaves (1.24,1.39,1.46,1.47,1.49). The disease first begins at the base of the plant
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and progresses upwards as the mycelium grows (1.4,1.24,1.38,1.39). Rain- 
splashed debris with mycelium and sclerotia has been reported as the inoculum for 
Rhizoctonia foliar diseases (1.5,1.20,1.21). The microsclerotia also function as 
air-borne propagules causing secondary infection (1.21,1.44). The availability of 
free moisture is critical for spread of the disease (1.24,1.39,1.46,1.47). Growth 
stage of the soybean plant is another important factor in the progress of RFB
(1.24,1.39,1.46,1.47,1.49). The density of the crop canopy plays an important role 
in disease spread (1.24,1.46), and rainfall during the flowering stage encourages 
disease outbreak (1.24,1.42,1.46). The development of Rhizoctonia aerial blight 
has been divided into two phases. The first phase has a soil-borne nature, and thus 
is important for the establishment of disease foci in the crop canopy. The second 
phase is the leaf-borne phase and determines the expansion of disease foci (1.46).
R. solani is divided into AG's based on hyphal anastomosis. The hyphae of 
isolates from the same AG's can anastomose with one another, however, those 
representing different AG's do not anastomose with one another. There are 
exceptions to this rule. Some isolates of certain AG's will anastomose with 
members of some other groups, including AG-BI (the "bridging isolate” group ) 
(1.28). The isolates of AG-BI can anastomose with some isolates of AG-2, AG-3, 
and AG-6 (1.28). Most isolates, including members of AG-1, AG-4, AG-5, AG-7, 
and AG-9 anastomose only with members of their own group. Host specificity and 
cultural characteristics vary from one AG to another (1.1,1.36). Presently, 12 AG's 
of R. solani have been described (1.1,1.9,1.36,1.37). Genetic diversity 
(1.29,1.30,1.43) and variation in dsRNA components among these AG's have also 
been demonstrated (1.7,1.8).
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The penetration activities of R. solani vary among the different AG's, plants, 
and the p lant parts that the fungus attacks (1.2,1.13-
1.17,1.19,1.25,1.26,1.27,1.31-1.34). One means by which R. solani attacks 
plants is by the formation of a complex infection structure the "infection cushion" 
(1.2,1.13-1.17,1.19,1.25,1.27,1.31-1.34).. The infection cushion aids the fungus 
in quick penetration and colonization of the host tissue (1.16,1.19). The formation 
of infection cushions by R. solani on plant surfaces has been the subject of many 
studies. Several of these studies have been conducted to determine the factors that 
affect infection cushion formation on the host surface (1.3,1.14,1.16,1.17, 
1.19,1.27,1.31,1.32,1.34). Several factors affect infection cushion formation, and 
the most common conclusion is that plant exudates serve as a stimulus 
(1.16,1.17,1.19,1.27,1.31). Initial stages of infection cushion formation have also 
been reported to be initiated by thigmodifferentiation, that is, a contact stimulus 
(1.3,1.14).
Isolates of AG-1 IA and IB have been reported to be genetically different based 
on DNA-DNA hybridization studies (1.29,1.43). Recently, the genetic diversity of 
double-stranded RNA (dsRNA) among the isolates of R. solani AG-1 to AG-5 was 
demonstrated (1.7,1.8). The dsRNA components among AG-1 IA and IB were 
reported to be different (1.8). Casthano, et al. (1.10,1.11,1.12) reported the 
association of dsRNA with Rhizoctonia decline, that is, the isolates with dsRNA 
were diseased and hence, hypo virulent. These authors suggested the use of isolates 
with dsRNA as potential biocontrol agents (1.12). The association of dsRNA with 
virulence or hypovirulence is a controversial issue. Finklcr, et al. (1.18) reported 
the association of dsRNA with virulence. However, other studies reported no 
significant correlations between virulence or hypovirulence and the mere presence of
dsRNA (1.7,1.50). The presence or absence of different sizes and numbers of 
dsRNA molecules has been used to characterize the field isolates of several fungal 
pathogens (1.35,1.41).
Despite extensive research on R. solani in several areas such as epidemiology
(1.5,1.20,1.21,1.46,1.47,1.49), the infection process (1.2,1.13,1.14,1.15,1.16
1.17,1.19,1.25,1.26,1.27,1.31-1.34), genetic diversity (1.29,1.30,1.43), and 
dsRNA (1.7,1.8,1.12,1.18,1.50), several important areas have remained 
unexplored. The following objectives were formulated to answer questions related 
to these areas:
1. To investigate infection cushion development on soybean leaves by the aerial 
and web blight isolates and the factors affecting it
2. To compare the effect of temperature on virulence of the aerial and web blight 
isolates.
3. To compare the dsRNA patterns and virulence among the aerial and web blight 
isolates.
4. To compare methods for evaluating soybean cultivars for resistance to RFB.
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CHAPTER 2
Factors affecting infection cushion development by 




Rhizoctonia solani Ktthn (teleomorph -  Thanatephorus cucumeris (frank) Donk) 
is an important pathogen with an extremely wide host range (2.1,2.24) and world­
wide distribution (2.24,2.30). The fungus is divided into anastomosis groups 
(AG's) based on hyphal anastomosis. The AG's have varying cultural characteristics 
and host specificities (2.1,2.24). Currently, 12 AG's of R. solani are known 
(2.1,2.4,2.24,2.25). Rhizoctonia foliar blights (RFB) of soybean (Glycine max 
(L.) Men-.) are caused by the isolates of R. solani belonging to anastomosis group 
one (AG-1) (2.30,2.39), which includes web blight, caused by R. solani AG-1 
intraspecific group IB (AG-1, IB), and aerial blight, caused by AG-1 IA (sheath 
blight subgroup). Web blight is the most prevalent of the RFB's of soybean in 
Louisiana (2.39).
The penetration activities of R. solani apparently vary among different AG's, 
plants, and plant parts attacked by the fungus (2.2, 2.5-2.10,2.15-2.17,2.20-2.23). 
One of the means by which R. solani attacks plants is by the formation of a complex 
infection structure, the "infection cushion". The infection cushion aids the fungus in 
penetration and colonization of the host tissues (2.10,2.17,2.20). The formation of 
infection cushions by R. solani and other Rhizoctonia species on plant surfaces has 
been a subject of many studies conducted to determine the factors that affect infection 
cushion formation on the host surface (2.3,2.5-2.12,2.15,2.20,2.21,2.23). The 
developmental steps involved in the formation of the infection cushion is an important
prerequisite to understanding the architecture of the infection cushion. The stages in 
the development of infection cushions on cotton hypocotyls were recently described 
(2.2).
Knowledge about the factors which induce infection cushion formation by 
Rhizoctonia on host tissues seems to be a controversial issue. Some of these studies 
have indicated that infection cushion formation by R hizoctonia  was due to 
thigmodifferentiation, that is, a contact stimulus (2.3,2.6,2.11,2.12). Other evidence 
suggests that infection cushion formation is stimulated by host exudates 
(2.9,2.10,2.19,2.20,2.37).
Various studies have demonstrated the repression of virulence of R. solani by 
glucose and 3-0-methyl glucose (2.3,2.20,2.34). The repression of virulence by 3-
O-methyl glucose (MEG) has been attributed to interference with nutrient uptake by 
the fungus and prevention of mucilage production, which is believed to help the 
fungus adhere to the host surface (2.3,2.34). Glucose reduces the production of 
polygalacturonase enzymes and thus interferes with infection of host tissues by R. 
solani (2.34,2.35).
A significant correlation between infection by R. solani and disease has also been 
reported (2.21). These reports indicate that different types of infection cushions or 
infection structures are produced depending upon the resistance of the cultivars which 
the fungus attacks (2.9,2.21).
The penetration activities of R. solani isolates on soybean leaves are not well 
understood. In the current study, we describe the events in the development of 
infection cushions by R . solani on soybean leaves, and also examine the various 
factors that affect the formation of infection cushions on soybean leaves. Parts of the 
results of some of these experiments have been previously reported (2.17).
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MATERIALS AND METHODS
Soybean cultivars. Soybean cultivars with different levels of resistance to RFB 
were used in these experiments. Cultivars used were : Braxton. Centennial, Terra 
Vig 708, Davis, Forrest, Ring-Around 680, Wilstar 550, Bedford, Ransom, and 
Coker 368. Table 2.1 provides the RFB ratings of these cultivars.
Infection cushion development. Isolates of R. solani AG-1 IA (BHIA) and 
AG-1 IB (BHIB) were used in this study. These isolates were obtained from 
soybean Helds at the Ben Hur Research Farm, Baton Rouge, Louisiana. Isolates of 
AG-1 LA, LR 172 and IRS (ATCC-66159) were used in this study to determine the 
AG of the isolates obtained from the soybean fields. The isolates were cultured on 
rehydrated potato dextrose agar (PDA) and used for inoculation. Soybean plants of 
the susceptible culdvar Davis were grown in a greenhouse in 20 cm pots filled with 
sterilized soil and thinned to one plant per pot. Individual leaflets were inoculated 
with agar plugs (5-mm-diameter) from the growing-edge of the appropriate colony, 
by placing the agar plug in the approximate center of each leaflet. Three leaflets in 
each plant were inoculated. The plants were kept in moist chambers (120 x 120 x 
190 cm) after inoculation. Free moisture was created with humidifiers (Hankscraft, 
Gerber Product Company, Reedsburg, WI) set in each chamber. Mists in all 
chambers were controlled by a cycle timer to give alternating 15 min periods with 
and without mist. Inoculated leaves were excised from the plant at 4 h intervals 
starting at 12 h after inoculation. Six leaflets for each time after inoculation were 
excised. The excised leaves were fixed in 2.5% glutaraldehyde buffered with 0.2 M 
Na-cacodylate (pH 7.2) for 1 h. Samples were then rinsed twice in Na cacodylate for 
10 min, rinsed twice in double distilled water for 10 min, and dehydrated in a graded
ethanol series (50-100%). The specimens were then critical point dried for 10 min, 
mounted on aluminium stubs, and coated with gold palladium (200 A°). Mounted 
specimes were observed at 25 kv acceleration voltage and working distances of 15 
and 30 mm, using a Hitachi S-500 scanning electron microscope (Hitachi Instruments 
Inc., Santa Clara, CA). The experiment was conducted 3 times.
Leaf topography : Soybean leaf surface replicas were prepared using previously 
described methods (2.20,2.38). To make the negatives, silicone rubber was spread 
on the leaf surface. The coated leaf was placed between two glass plates (10 cm x 7 
cm) held in place with a 100 g flat weight, and left undisturbed overnight. The leaf 
was then gently removed from the replica and the replica was washed twice in 
distilled water and cured for 1 h at 180 C. Positive leaf replicas were made using 
fingernail polish and polysterene. The first two positives made were discarded, so 
that the subsequent replicas used for the experiment could be considered free of any 
contamination from die leaf surface. Replicas were surface-sterilized by UV radiation 
for 15 min before inoculation. Leaf surface replicas were made from the 10 soybean 
cultivars grown in the greenhouse (Table 2.1). Isolates of R. solani AG-1 1A and IB 
were used for inoculations. Agar plugs (5-mm-diameter) from actively growing 
colonies on PDA were placed on these replicas, and two replicas were kept in each 
petri plate lined with two moist filter papers. The petriplates were incubated at room 
temperature (25-27 C). The experiment had four replications and was conducted 
three times. The development of R. solani on these replicas was observed 
periodically. Isolates of AG-4 (7RS) and AG-5 (10RS) were also used to inoculate 
the replicas. Controls consisted of glass microscope slides and flat nail polish 
replicas sprayed with sucrose solutions (2.3) at several concentrations (0.1,0.01 and 
0.001M), or sterile distilled water. In addition, sucrose solution (0.01M) was also 
sprayed on one set of the inoculated replicas (2.3).
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Table 2.1. Mean® Rhizoctonia foliar blight (RFB) ratings of 














a Mean RFB ratings based on ratings recorded over 3 years 
at various locations in Louisiana, including Crowley, 
Burnside, St. James, and Marangouin (1988), BenHur 
Research Farm (1989,1990). 
b RFB ratings (2.14) are on a scale of 1-25 determined from 
the product of ratings for distribution (rated on a 1-5 scale 
in which 1-0-20% and 5-81-100% of plants infected) 
and the most severity diseased plant in a plot (rated on a
1-5 scale where 1-few leaves infected and 5-plants dead).
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Collodion membranes. Collodion membranes were prepared as described 
previously (2.10,2.20). For prepcration of collodion membranes, 0.3 g of parlodion 
was dissolved in 100 ml of amyl acetate. The solution was added dropwise into a 
glass petri dish containing sterile distilled water and allowed to evaporate. The 
resulting membrane was floated onto a soybean leaf. Care was taken so that the 
membranes placed on the soybean leaves did not assume the topography of the leaf 
surface. One agar plug (5-mm-diameter) from a 3-day-old R. solani culture, either 
BH1A or BHIB, was placed on the center of each leaf on top of the membrane. The 
inoculated leaves were placed in moist chambers and incubated at 25 ±  1 C. The 
membranes were stained with trypan blue (0.5%) 5 days after inoculation. 
Observations on the formation of infection cushions on these membranes were made 
with a light microscope. Three soybean cultivars, RA 680, Wilstar 550, and 
Braxton, were used in this study.
Specificity of the exudates. Collodion membranes were placed on soybean 
leaves of cultivar wilstar 550 as described previously. The leaves were inoculated 
with isolates of R, solani belonging to AG-1 LA, IB, IC, AG-2-1, AG-2-2, AG-3, 
AG-4, AG-5, AG-6, AG-7, AG-8, AG-9 and AG-BI (Table 2.3). In another 
experiment collodion membranes were placed on the adaxial surface of leaves of 
plants belonging to 15 different species and inoculated with BHIA (AG-1 IA) or 
BHIB (AG-1 IB) isolate (Table 2.2). In a third experiment leaves from 48 plant 
species belonging to 15 different families (Table 2.4) were inoculated with isolates of 
R. solani BHIA or BHIB as previously described. The experiments had three 
replications and were conducted two times. Observations on infection cushion 
formation were recorded 5 days after inoculation.
Leaf exudates. Leaf exudates of soybean leaves of the cultivar Braxton grown in a 
greenhouse were obtained by washing 200 leaves in 100 ml sterile, distilled water. 
Intercellular washing fluids (IWF) were obtained from soybean leaves of cultivar 
Wilstar 550 from field plots at die Ben Hur Research Farm, as previously described 
(2.27). Either IWF or the leaf washing solutions was sprayed on glass microscope 
slides or leaf replicas and inoculated with the isolate BHIA or BHIB. The glass 
microscope slides and the leaf replicas were examined daily to determine if infection 
cushions were formed.
Effect of light : Soybean plants of cultivar RA 680, Braxton, and Wilstar 550 
were grown in clay pots (20-cm-diameter) filled with sterilized soil in the greenhouse. 
The plants were maintained in a greenhouse in alternating light/dark conditions 
(12h/12h) using a combination of fiourescent and sodium vapour lamps, controlled 
by a cycle timer. The soybean leaves (growth stage V9) were inoculated with isolate 
of either BHIA (AG-1 IA) or BHIB (AG-1 IB) using agar plugs (3-mm-diameter) 
from the edge of actively growing cultures. After inoculation, the plants were kept in 
chambers (120 x 120 x 190 cm) covered with polyethylene sheets in alternating 
light/dark or continous light conditions as described above. In addition plants were 
kept in continous darkness in chambers covered with black polyethylene sheets. To 
create free moisture, humidifiers (Hankscraft, Gerber Product Company, Reedsburg, 
WI) were set in each chamber. Mists in all chambers were controlled by a cycle timer 
to give a 15-min mist after every 15-min. Observations on disease severity (%) per 
leaflet were recorded 72 h after inoculation. The inoculated leaves were then 
decolorized by boiling in 50 % ethanol, rinsed three times in tap water and stained 
with trypan blue (0.5%). The numbers of infection cushions formed per leaflet were 
recorded for different conditions. The experiment had 9 replications and was 
conducted twice.
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Effect of exogenous nutrients on disease development : To examine the 
effects of 3-0-methyl glucose (MEG) and glucose on disease development, soybean 
leaves were inoculated as described previously with either BHIA or BHIB. The 
inoculated leaves were sprayed with solutions of different concentrations of MEG 
(1.6-77.2 mM) or glucose (7-140 mM) immediately after inoculation. Control leaves 
were sprayed with sterile distilled water. The inoculated leaves were placed in 15 cm 
petri plates lined with two layers of moist filter paper and incubated at 25 ± 1 C in 
continuous darkness. Observations on disease severity were recorded 72 h after 
inoculation. For determination of disease severity per leaflet, a standard scale was 
prepared by determining the total leaflet area and the area of leaflet covered by lesions 
using a leaf area meter (Delta-T Devices, Cambridge, England). The percentage of 
leaflet area covered by the lesions was then determined. Based on this key, visual 
estimations of disease severity (%) per leaflet were made.The experiment was 
conducted three times. The effect of delaying the application of MEG and glucose at 
various lenghts of time was also examined. The data obtained from the three 
experiments were pooled for statistical analysis using the SAS PROC GLM 
procedure (2.29)
Number of Infection cushions and disease severity : Ten soybean cultivars 
with different levels of resistance to RFB were selected for the study (Table 2.1). 
The cultivars were grown in a greenhouse in 22-Cfit-diameter pots and thinned to one 
plant per pot Soybean leaflets were inoculated with isolate BHIB (AG-1 IB) at the 
V9 growth stage (2.39) as described previously. Disease severity per leaflet was 
recorded after the inoculated plants were kept in moist chambers (27 ±  1 C ) for 72 h 
in alternating light dark conditions in a greenhouse. The inoculated leaves were then
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decolorized and stained as described previously. The number of infection cushions 
formed per leaflet was recorded. Data for 16 leaflets for each cultivar were recorded. 
In another study, 40 infected leaves of soybean cultivars Bedford, Centennial, 
Davis, TV 708, Coker 368 and Ransom were randomly collected from the fields at 
the Ben Hur Research Farm. Disease severity and the numbers of infection cushions 
formed were determined as described previously. The data obtained were then 
analyzed using SAS (2.29).
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RESULTS
Infection cushions were formed by the isolates of AO-1 IA (BHIA) and IB 
(BHIB) on soybean leaves. Twelve hours after inoculation relatively unbranched 
hyphae were observed on the leaf surface (Fig. 2.1 A). By 16 to 18 h after 
inoculation, the formation of lateral hyphal branches with an inverted T  shaped foot 
was detected(Fig. 2.1 B). The foot aligned between the grooves formed by the 
anticlinal walls of the epidermal cells. The tips of the foot extended a short distance 
along the grooves formed by the anticlinal walls of the epidermal cell (Fig. 2.1 B, Q . 
Another feature was the shortening of the distance on the main hyphe between 
branches forming the inverted "T" shaped feet (Fig. 2.1 D). The numbers of feet 
formed increased with time and the branches became interwoven (Fig. 2.2 A). By 
24 h after inoculation, mucilagenous material binding these structures was detected 
(Fig. 2.2 B). By 28 to 36 h after inoculation, fully-formed infection cushions were 
observed (Fig. 2.2 C, D). At this stage, water-soaked lesions could be observed on 
the inoculated leaves, which were left on the plant for observation of disease 
development. No apparent difference was noted between the formation of the 
infection cushions by isolates of AG-1 IA or IB. However, more mucilagenous 
material binding the infection cushions was observed consistently in AG-1 IB in 
comparison to AG-1 IA (Fig. 2.2 C, D).
The hyphae of R. solani isolates grew randomly on the leaf surface replicas. 
Infection cushions were not formed by any of the isolates on the leaf surface replicas 
of either susceptible or resistant soybean cultivars. Addition of sucrose solutions did 
not induce the formation of infection cushions on the leaf surface replicas.
Infection cushions were formed by isolates of AG-1 IA and IB on collodion 
membranes placed over leaves of three soybean cultivars. Significantly more 
infection cushions were formed on collodion membranes placed over leaves of
Fig. 2.1. (A). Initial growth of Rhizoctonia solani hyphae. (B). Formation of 
inverted T  shaped feet (arrows) on lateral hyphal branches. (C). Alignment of the 
foot in the grooves formed by the anticlinal walls of epidermal cells. (D). Shortening 
of the distance on the hyp ha between branches which begin to form an infection 
cushion.
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Fig. 2.2. (A). Interwoven ”T" shaped feet formed by Rhizoctonia solani AG-1 IA. 
(B). Mucilagenous materials associated with the inverted "T" shaped branches 
forming the infection cushions. (C). Infection cushions formed by R. solani AG-1 
IB. (D). Infection cushions formed by R. solani AG-1 IA.
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susceptible cultivar Wilstar 550 than on the resistant cultivar Braxton by both AG-1 IA 
and IB isolates (Fig. 2.3). Isolates of AG-1 I A, IB, and IC formed infection 
cushions on soybean leaves and on collodion membranes placed over soybean leaves. 
Isolates of AG-4 and AG-5 formed infection cushions on soybean leaves, however, 
complete infection cushions were not formed over the collodion membranes by these 
isolates (Table 2.2). Infection cushions were formed by both AG-1 IA and IB 
isolates on the leaves of legumes, smooth pigweed, and rice, whereas on leaves of 
Johnsongrass, barynyard grass, and wild poinsettia, only AG-1 IA formed infection 
cushions. Infection cushions also were formed on collodion membranes placed over 
the leaves of these plants (Table 2.3).
In another experiment with 48 plant species, infection cushions were formed by 
isolates of both AG-1 IA and IB on 21 plant species, including all five legumes tested. 
Differential induction of infection cushion formation by the various plant species was 
observed. Of the 10 grass species tested, infection cushions were formed by isolates 
of AG-1 IA and IB on five species (Table 2.4). Yellow foxtail and goose grass 
induced the formation of infection cushions only withthe isolate of AG-1 IA. Overall, 
27 plant species induced the infection cushion formation by AG-1 IA isolate, and 25 
plant species by the AG-1 IB isolate. Water-soaked lesions were observed on 
inoculated leaves of most of the plant species tested. However, water soaked lesions 
also were observed on leaves of some plant species on which no infection cushions 
were formed. Leaves of some solanaceous plants such as cutleaf groundcherry, 
horsenettle, tobbaco, and jimsonweed did not induce infection cushion formation.
Leaf exudates and intercellular washing fluids from soybean leaves of cultivar Wilstar 
550 induced the formation of infection cushions by both the aerial and web blight 








Braxton RA 680 W 550
Fig. 2.3. Numbers of infection cushions formed by Rhizoctonia solani AG-1 
IA and AG-1 IB on collodion membranes placed over leaves of soybean 
cultivars, Braxton (resistant), Ring-Around 680 (RA 680), and Wilstar 550 
(W550, susceptible).
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Table 2.2. Infection cushion formation by isolates of Rhizoctonia solani AG-1 IA 
and AG-1 IB on leaves of various plant species inoculated directly and on colloidon 
membranes placed on leaves
AG-1 IA AG-1 IB
Plant species Direct® Collodion1* Direct Collodion
Fabaceae
Glycine max
Cv Braxton +c + + +
Cv. W 550 + + + +
Cassia obtusifolia + + + +
Poaceae
Echinochola crus-gaUi + + >d -
Triticum aestivum _e - - -
Sorghum haiepense + + - -
Oryzasativa + + + +
Polygonaceae
Rumex crispus - - - -
Amaranthaceae
Amaramhus hybridus + + + +
Solanaceae
Lycoptrsicon esculentum - - - -
Capsicum annum + - - -
Solanum nigrum - - . * -
Malvaceae
Gossypium spp. - - -
Asteraceae
Taraxacum officinale - - - -
Euphorbiaceae
Euphorbia heterophylla + + - -
ft Leaves were inoculated directly by placing one 5-mm-diameter agar plug/leaf, 
b Collodion membranes placed over leaves were inoculated with one 5 mm agar 
plug/leaflet 
c Infection cushions formed.
d Formation of some inverted "T" shaped foot, but complete infection cushions not 
formed.
e Infection cushions not formed.
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Table 2.3. Infection cushion formation on soybean leaves inoculated with isolates 











AG-1 IA IRS +a +
LR 172 + +
BHIA + +
AG-1 IB Shiba-2 + +
34RS + +
36RS + +
Lake Aurthur-2 + +
BHIB + +
AG-1 IC BV + .b
3RS + +
AG-2-1 8RS - -
FC-25 - -
AG-2-2 9RS - -
SD - -
C-1165 - -
AG-3 4RS - -
ST-11-6 - -
AG-4 HG-1 7RS + -
AG-4 ATCC 18184 + -*C
AG-5 10RS + _*
AG-6HG-I 72RS - -
AG-6 GV 74RS - -
AG-7 1156 - -
76RS - -
AG-8 33RS - -
72 - -
AG-9 116RS - -
AG-BI 22RS - -
TS 2-45 - -
* Infection cushions formed.
b Infection cushions not formed
c Formation of some inverted "T" shaped foot, but complete infection cushions not 
formed.
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Table 2.4. Infection cushion formation and symptom production on leaves of various 


















































































































































AG-1 IA   AG-1 IB_____
Infection Infection
Plant Species tested cushions Symptoms cushions Symptoms
Asteraceae
Ambrosia trfflda - NS - NS
Taraxacum officinale - WL - WL
Xanthium strumarium + WL + WL
Senecio glabellus + WL + WL
Eclipta prostrata - WL - WL
Conyza canadensis + WL + WL
Euphorbiaceae
Caperonia paiustris + NE + NE
Euphorbia maculata + WL + WL
Acalypha ostryifolia + WL + WL
Convolvulaceae
Jacquemontia tamnifolia * NS - NS
Ipomoea iacunosa _ * WL . + WL
tpomoea hederacea . * WL + WL
Dichondra repens - WL - WL
Brasslcaceae
Brassica oleracea - NS - NS
Stercullaceae
Melochia corchorifolia - NS - NS
Portulacaceae
Pomdaca oleracea - NS - NE
Plantaginaceae
Plantago rugelii + WL - NS
Geraniaceae
Geranium carolinianum + WL - WL
Cyperaceae
Cyperusiria + NE - WL
Cyperus rotundas + NE + NE
a Infection cushions formed.
b Symptoms on various plant species. WL « Water soaked lesions, NE -  Necrosis, 
NS ■ No symptoms. 
c Formation of some inverted "T” shaped foot, but, complete infection cushions not 
formed.
d Infection cushions not formed.
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M on infection cushions were formed by isolates of AO-1 IA and IB cm resistant and 
susceptible cultivars when inoculated plants were kept in continous darkness as 
compared to continous light or alternating light /dark conditions. No significant 
differences in numbers of infection cushions were observed between the light or the 
alternating light /dark conditions (Fig. 2.4). The disease severity (%) on these three 
soybean cultivars also showed a similar trend with more severe disease occurring in the 
continous dark treatment.(Fig. 2.5).
The presence of either 3-O-methylglucose (MEG) or glucose resulted in a significant 
reduction in disease severity on soybean leaves inoculated with isolates of AO-1 1A or 
AO-1 IB compared to the controls (Table 2.5). Disease development was not 
completely suppressed at any of the concentrations tested. The concentration of glucose 
needed for effective supression of disease severity was higher than those of MEO (Table 
2.5). Delayed application of MEO or glucose from 12 to 36 h after inoculation still 
resulted in a significant decrease in disease severity (Fig. 2.6). However, application 
of MEO or glucose 40 h or longer after inoculation did not significantly lower disease 
severity compared to the controls. There were no significant differences between the 
disease severity caused by the isolates of AO-1 IA or IB when glucose of MEO was 
applied at different times after inoculation.
Highly significant positive correlations between the disease seventy and the numbers 
of infection cushions were observed for all the cultivars used in this study (Table 2.6, 
Figs. 2.7 and 2.8), whether the leaves were obtained from the greenhouse or the field. 
Fewer infection cushions were formed on the resistant cultivar Centennial compared to 
the susceptible cultivar Davis (Table 2.6).
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Light/dark
Fig. 2.4. Effect of three light regimes on the number of infection cushions formed by 
Rhizoctonia solani AO-1 IA and IB on leaves of three soybean cultivars Braxton, 













Fig. 2.5. Effect of three light regimes on disease severity (percent disease/leaflet) 
caused by Rhizoctonia solani AG-1 IA and IB on leaves of soybean cultivars 
Braxton, Ring-Around 680 (RA680) and wilstar 550 (W 550).
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Table 2.5. Effect of 3-0 methylglucose (MEO) and glucose on disease severity* 
on soybean leaves inoculated with Rhizoctonia solani anastomosis group one 
























a Composite means of three trials of the same experiment are presented. Disease 
severity was recorded 72 h after inoculation of individual soybean leaflets of 
cultivar Braxton.
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Application time (hours after Inoculation)
Fig. 2.6. Effect of delayed application of 3-O-methylglucose (MEG) and glucose on 
disease severity caused by Rhizoctonia solani, AG-1 IA and IB on leaves of soybean 
cultivar Braxton determined 72 h after inoculation. Controls had 68% and 66% 
disease severity for AG-1 IA and IB respectively.
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Table 2.6 Mean disease severity (percent disease/leaflet), and mean numbers of 
infection cushions formed by Rhizoctonia solatti on inoculated soybean leaves in 







Severity (%) cushions r
Group V
Bedford 26 281 0.919 34 442 0.942
Wilstar 550 41 327 0.715 _e - -
Forrest 39 209 0.829 - - -
Group VI
Centennial 16 162 0.942 18 221 0.744
Davis 48 412 0.946 44 490 0.895
RA 680 21 145 0.752 - - -
Group VII
TV 708 30 588 0.897 30 403 0.896
Coker 368 31 301 0.871 30 356 0.969
Ransom 45 399 0.819 35 418 0.951
Braxton 26 291 0.956 - - -
^ 0 .0 5 22 163 14 158
a Based on observations of soybean leaves inoculated with isolate of Rhizoctonia 
soiani AG-1 IB (BHIB).
k Diseased samples woe obtained at random from soybean plots at Ben Hur 
Research Farm, Baton Rouge, LA.
c Mean numbers of infection cushions formed per soybean leaflet
d Correlation coefficients, based on individual observations of disease severity and 
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Fig. 2.7. Relationship between disease severity (percent leaflet area diseased) and 
numbers of infection cushions formed by Rhizoctonia solam AG-1 IB (isolate BHIB) 
on leaves of soybean cultivars inoculated and incubated in moist chambers for 72 h.
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Fig. 2.8. Relationship between disease severity (percent leaflet area diseased) and 
numbers of infection cushions formed by Rhizoctonia solani on leaves of six soybean 
culdvars obtained from plots at Ben Hur Researh Farm, 1989.
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DISCUSSION
Infection cushions were formed by isolates of Rhizoctonia solani AG-1 LA and IB 
on soybean leaves. The formation of infection cushion by AG-1 IA and IB followed a 
similar trend. The general progress of the infection cushion formation was similar to 
that described on cotton (2.2) in some respects, particularly, the alignment of the 
inverted "T" shaped foot in the grooves formed by the anticlinal walls of the epidermal 
cells. Alignment of the foot in the grooves was a consistent feature of infection 
cushion formation. Similar observations were made by Matsuura (2.22) with respect 
to infection of rice plants by R. solani AG-1 IA. Many descriptive studies have been 
conducted on the mode of penetration by R. solani on different host plants. Different 
modes of penetration have been observed, depending on the isolate, the AG, the plant 
species, and the plant part on which the infection structure is formed (2.2, 2.5- 
2.10,2.15-2.17,2.20-2.23). Direct penetration of R. solani hypha through stomates 
has also been observed (2.5,2.7,2.8,2.23) but is relatively rare. In the various studies 
conducted on infection cushion formation on soybean leaves, growth of hyphae 
through the stomata was rarely observed. However, penetration through the stomata 
by the germ tubes produced by basidiospores of R. solani (Teleomorph = 
Thanatephorus cucumeris (Frank) Donk.) has been observed on soybean leaves 
(2.16). The infection cushion is the most typical structure formed by R. solani during 
penetration of host tissues, and hence has received the most attention (2.2, 2.5- 
2.10,2.15,2.17,2.19-2.23).
The infection cushion has been observed to originate from one or more hyphae 
(2.7,2.8,2.15,2.36). We observed a similar phenomenon in our study. Another 
consistent feature of the infection cushion form ation was a shortening of the distance 
on the hypha between lateral branches that formed the inverted 'X ' shaped feet This
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has been referred to as "intemode shortening” and was reported as a consistent feature 
of formation of the infection cushions by R. solani on cotton hypocotyls (2.2,2.3).
The presence of mucilagenous material enabling the infection cushions to adhere to 
the p lant surface has been reported by many researchers 
(2.3,2.8,2.10,2.20,2.22,2.23). We also detected mucilagenous materials in our 
study. More mucilagenous material was produced by the AG-1 IB isolate compared 
to the AG-1 IA isolate. However, we did not attempt to quantify the amount of 
mucilagenous material and only one isolate of each type was compared. Moreover, the 
actual nature of such mucilagenous material described by various researchers is still 
unknown. However, this mucilagenous material is believed to be the extracellular 
adhesive substance which enables the fungus to adhere to the plant surface (2.3).
Based on our observations and those of others (2.2, 2.5-2.10,2.15-2.17,2.20-2.23), 
the infection cushion appears to be a complex and specilized infection structure for 
penetration of the host surface. However, to make general conclusions regarding the 
formation of infection cushions by R . solani on various crops and by various AG's 
would be inappropriate, since the literature to date indicates a wide variation in 
formation of infection structures (2.2,2.5,2.6-2.10,2.17,2.20,2.22,2.23), and 
moreover, R. solani exhibits extremely wide variation in host range (2.1,2.24) and 
genetic makeup (2.18,2.32).
R. solani mycelium exhibited random growth on the replicas of resistant or 
susceptible soybean cultivars. No infection cushions or foot formation was observed. 
In addition infection cushions did not form on autoclaved soybean leaves or on 
soybean leaves that were fixed in FAA, decolorized, and washed several times with 
sterile distilled water before inoculation. These results indicate that leaf topography 
does not stimulate infection cushion formation by R. solani on soybean leaves. De 
silva and Woods (2.6) reported that infection cushion-like structures were produced on
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washed strips of host cuticle and epidermis without die addition of any exudate. More 
recently, Armentrout, et at. (2.3) reported that the principle stimulant in infection 
cushion cushion formation by R. solani is the topography of the cotton hypocotyl 
surface, and the early development of the infection cushion is an example of 
thigmodifferentiation. These authors observed foot formation on replicas of the cotton 
hypocotyl surface, which was characteristic of early stages of infection cushion 
formation. However, Marshall and Rush (2.19) reported that infection cushions were 
not formed on leaf replicas of rice cultivars by isolates of R. solani AG-1 IA.
Armentrout, et at. (2.3) observed foot formation on cotton hypocotyl replicas 
sprayed with sucrose solution or hypocotyl exudates. However, no infection cushions 
or foot formation was observed on soybean leaf replicas sprayed with sucrose 
solutions at several concentrations.
Abundant literature suggests that infection cushion formation by R. solani is 
induced by host exudates (2.8,2.9,2.10,2.19,2.20,2.37). In our experiments we 
observed that more infection cushions were formed on collodion membranes placed 
over soybean leaves of susceptible than resistant cultivars. Only the isolates of AG-1 
I A, IB, and IC formed infection cushions on collodion membranes placed over 
soybean leaves. Isolates of AG-4 and AG-5 formed inverted 'X ' shaped feet but, not 
complete infection cushions. In comparison all the isolates of AG-1 IA, IB, IC, AG- 
4, and AG-5 formed infection cushions on soybean leaves. Isolates of other AG's 
never formed infection structures on collodion membranes or soybean leaves. None 
of the isolates of any AG formed infection cushions on soybean leaf surface replicas. 
No infection cushions were formed on dialysis membranes of varying pore sizes (6-8 
Kda, 12 Kda, 30 Kda) placed over soybean leaves and inoculated with isolates of 
either AG-1 IA or IB. Dialysis membranes with larger pore sizes might have 
facilitated infection cushion formation. Leaf surface washings and intercellular
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washing fluids stimulated isolates of AG-1 IA and IB to form infection cushions on 
glass microscope slides. However* the results were highly inconsistent between 
experiments. Other factors such as the actual pH of exudates on the leaf surface could 
be involved or the stimulant from the leaf may have diluted below the concentrations 
needed to consistently elicit infection cushion formation on glass surfaces. Formation 
of appressoria in certain Colleotrichum spp.t has been demonstrated to be enhanced 
by the presence of phylloplane bacteria (2.27).
Infection cushions were formed on leaves of 21 plant species by isolates of AG-1 
IA and IB. AG-1 IA (BHIA) formed infection cushions on rice and most of the other 
graminaceous hosts (12 out of 14). In comparison AG-1 IB (BHIB) formed infection 
cushions on only 7 of the 13 graminaceous hosts. In addition R. solani AG-1 IA 
causes rice sheath blight (2.13*2.26) and is classified in the sheath blight subgroup. 
Our results indicate that isolates in this subgroup are more broadly adapted to 
graminaceous hosts. In contrast R. solani AG-1 IB mainly attacks legumes (2.24). 
We also observed a differential response in the formation of infection cushions on 
other hosts by AG-1 IA or AG-1 IB. These results suggest that specific chemical 
stimuli are involved in the induction of infection cushion formation. However, 
further research is needed to identify and characterize the actual stimuli.
Disease severity and the numbers of infection cushions formed on three soybean 
cultivars were significantly greater when inoculated plants were kept in continous 
darkness compared to continous light or alternating light/dark conditions. In addition 
isolate AG-1 IA (BHIA) formed significantly more infection cushions and caused 
more severe disease on culdvar Wilstar 550 than AG-1 IB (BHIB) in continous dark 
conditions. In nature, plants are in alternating light/dark conditions, and in our 
experiments alternating light/dark conditions did not significantly differentiate between 
AG-1 IA and IB. It is likely that stress resulting from the continous dark conditions 
changed the physiological status of the plant and the amount of exudates present, and
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thus resulted in more number of infection cushions being formed. This technique 
could probably be exploited as an experimental tool to determine the other factors that 
affect the infection cushion formation such as leaf exudates. Armentrout, et al. (2.3) 
reported that infection cushions were not formed on cotton hypocotyls grown in 
complete darkness.
The addition of exogenous source of nutrients significantly reduced disease 
severity on soybean leaves inoculated with R. solani AO-1 IA or IB. However, the 
growth of R. solani (mycelial mass) was not inhibited in cultures grown on media 
containing glucose or MEG (2.3). Virulence of R . solani is affected by initial 
inoculum nutrition (2.34) and the repression of virulence of R. solani by MEG and 
glucose has also been reported by several researchers (2.3,2.20,2.34). In our 
experiments there were no significant differences in the disease severity among AG-1 
IA or IB at various concentrations of MEG or glucose. Armentrout, et at. (2.3) 
suggested that mucilage production by R. solani may be dependent on a local 
exogenous source of nutrients, and probably MEG interferes with the uptake of 
nutrients (plant exudates) by R. solani.
MEG (31.4 mM) did not reduce disease severity on soybean leaves when applied 
40 h or later after inoculation compared to 12-36 h. In our experiments on infection 
cushion development mucilage production was observed 24 h after inoculation and 
infection cushions were formed by 28 to 36 h after inoculation. Weinhold and 
Bowman (2.34) reported that the reduction in lesion development on cotton hypocotyls 
was due to the inhibition of infection cushion formation The authors (2.34) also 
suggested that MEG appears to block a process involving the initial host pathogen 
interaction, and specific reactions leading to the formation of infection cushions do not 
occur.
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Application of glucose also supressed disease severity on soybean leaves by both 
AO-1 IA and IB isolates. Weinhold and Bowman (2.34) reported that the effect of 
glucose on the reduction of lesion development on cotton hypocotyls was caused by 
pectinase repression. Glucose (111.0 mM) did not reduce disease severity on soybean 
leaves when applied 40 h or later after inoculation compared to 12-36 h. It is likely that 
sufficient quantities of pectinase were being produced by R. solani by 36 h after 
inoculation to cause significant disease development We also observed that infection 
cushions were formed on soybean leaves at this stage. MEG appeared to continue to 
repress the virulence of AO-1 IA and IB when applied 36 h or later after inoculation in 
contrast to glucose. MEG and glucose have the same transport system in some fungi 
(2.31). However, MEG and glucose seem to affect R. solani differently based on our 
research and other reports (2.3*2.20,2.34). Several researchers have reported a 
complete suppression of disease development at concentrations of MEG and glucose 
similar to those used in our study (2.3,2.20,2.34). However, in our experiments 
complete supression of disease development was not achieved at any of the 
concentrations of glucose or MEG.
Highly significant positive correlations were obtained between disease severity and 
the numbers of infection cushions formed on 10 soybean cultivars inoculated with 
AG-1 IB (BHIB) in a greenhouse. We obtained similar correlations from observations 
on infected soybean leaves obtained from field plots. Significantly more infection 
cushions were framed on the susceptible cultivar Davis and TV 708 compared to 
resistant cultivar Centennial. Numbers of infection cushions formed and disease 
severity were correlated in the case of leaves of rice inoculated with AG-1 IA (2.21). 
Marshall and Rush (2.21) reported that more lobate appresoria were formed on 
resistant cultivars, and more infection cushions were formed on susceptible rice 
cultivars. Similarly, the degree of infection of cotton plants by R. solani and the
formation of simple forms of infection cushions were correlated (2.9). Marshall and 
Rush (2.21) also reported that more infection cushions were formed on the highly 
susceptible rice cultivars compared to moderately susceptible cultivars, and none on 
resistant cultivars. We observed infection cushion formation on all the soybean 
cultivars with different levels of resistance or susceptibility. This might be explained 
by the fact that none of the soybean cultivars were completely resistant to RFB.
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CHAPTER 3
Effect of temperature on virulence of 





Rhizoctonia solani KUhn (teleomorph, Thanatephorus cucumeris (Frank) 
Donk) is the causal agent of Rhizoctonia foliar blight (RFB) of soybean (Glycine 
max (L.) Merr.). Disease occurrence is favored by prolonged periods of high 
humidity and warm weather (3.14). Isolates of R. solani anastomosis group (AO) 
one (AG-1) intraspecific group IA and IB cause aerial and web blight of soybean, 
respectively (3.8,3.19). Recently, isolates of AG-2-2 have been reported to cause 
bud and leaf blight on soybean seedlings (3.10). Isolates of other anastomosis groups 
are not known to attack the foliage of soybeans. Isolates of R. solani AG-1, 2, 3, 
4, and 5 can cause seedling diseases in soybeans (3.2,3.10,3.16,3.20).
R. solani is divided into anastomosis groups based on whether hyphal 
anastomosis will occur between isolates (3.1). Currently, 12 AG's of R. solani are 
known (3.1,3.4,3.13,3.14). Recently, several studies have been conducted on the 
effect of temperature on the virulence of R. solani isolates (3.5,3.14). These studies 
have indicated variation in virulence of different AG's of R. solani at different 
temperatures. Carling and Leiner (3.5) reported that isolates of AG-3 caused 
significantly more damage to potato sprouts at 10 C, while isolates of AG-5 and AG- 
8 were more virulent at warmer temperatures. R. solani (AG-4) was more active in 
cool (about 20 C) and humid weather on bermuda grass, than at wanner temperatures 
(3.10). Isolates of R. solani AG-8 were highly virulent on wheat and barley at 10 C 
and moderately virulent at 20 C (3.14).
Pathogenicity of representatives of different AG's of R. solani on soybean leaves 
has not been compared previously. In this study, soybean leaves and seedlings were 
inoculated with isolates representing most AG's of R. solani. Moreover, in view of 
the role of temperature in R. solani diseases (3.5,3.7,3.12,3.14), disease severity 
caused by different AG's was compared at several temperatures.
R. solani attacks soybean leaves by the elaboration of a complex infection 
structure, the infection cushion (3.9) that aids the fungus in quick penetration and 
colonization of the leaves (3.6,3.11). Hence, the effect of temperature on the 




Leaves. Isolates of R. solani belonging to various AO's were collected from 
different sources (Table 3.1). All known AO's were represented in the collection 
except AO-10 (3.12). Isolates were cultured on rehydrated Difco (Difco Labortories, 
Detroit, MI) potato dextrose agar (PDA). Leaves of soybean cultivar Braxton were 
excised from plants grown in a greenhouse. The excised leaves were placed in moist 
chambers and single leaflets were inoculated with one 5-mm-diameter agar plug cut 
from the growing edge of the appropriate fungal colony. The moist chambers were 
then placed in incubators maintained at five different temperatures : 15, 20, 25, 30, 
and 35 C. Observations on symptoms, disease severity (% leaflet area covered by 
lesions) were recorded 72 hr after inoculation. For determination of disease severity 
per leaflet, a standard scale was prepared by determining the total leaflet area and the 
area of leaflet covered by lesions using a leaf area meter (Delta-T Devices, Cambridge, 
England). The percentage of leaflet area covered by the lesions was then determined. 
Based on this key, visual estimations of disease severity (%) per leaflet were made. 
Numbers of infecdon cushions formed by the various AG's were determined by light 
microscopy. For microscopy, the inoculated soybean leaves were decolorized by 
boiling in ethyl alcohol for 10 minutes and stained with trypan blue (0.5%). The 
number of infection cushions formed per leaflet by each AG was recorded for each 
isolate and temperature combination. The experiment was conducted four times. 
Statistical analyses were done on the pooled data of all the experiments using SAS 
PROC GLM procedure (3.15).
Seedlings. Seedlings of soybean cultivar Braxton were grown in a commercial 
potting soil mixture (Grace (Peters) Horticultural Products, W.R. Grace & Co., 
Cambridge, MA 02140). One 5-mm-diameter agar plug cut from the growing edge of
the appropriate colony was placed at the collar region of each seedling. The 
inoculated seedlings were placed in moist chambers and kept at 20, 25, or 30 C. 
Noninoculated seedlings were used as controls. Observations were recorded 5 days 
after inoculation. The percentage (lesion development) of total hypocotyl region 
covered by lesions was estimated visually on each seedling. In addition, disease rating 
on a 0*3 scale also was recorded, with 0 ■ no symptoms; 1 * small lesions on 
hypocotyl <2 mm in length and seedlings not collapsedl; 2 = slightly larger lesions 
about 10 mm in length, seedlings not collapsed; 3 * slight splitting of the hypocotyl, 
corky tissue, intermediate size lesions (10-30 mm); 4 ■ well developed lesions, 
cracking of hypocotyl, corky tissue, larger lesions (>30 mm); and 3 ■ seedlings 
collapsed and dead, lesions covering most of the hypocotyl region. Lesion length on 
each seedling also was recorded for each isolate and temperature combination. The 
experiment was conducted three times with eight replications in each experiment Hie 
plants and the soil were sterilized before disposal. Statistical analyses were done on 
the pooled data of all the experiments using SAS PROC GLM procedure (3.13).
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Table 3.1. Rhizoctonia isolates included in this study, their anastomosis group 
(AG), geographic origin, source/host, and provider/collector
AG Geographic Source/ Provider/
Isolate group1 origin host Collector
Rhizoctonia solani
IRS 1-IA LA Glycine max R. Vilgalys
BHIA-10 1-IA LA Glycine max C.S. Kousik
BHIA-14 1-IA LA Glycine max C.S. Kousik
Crowley-2 1-IA LA Glycine max C.S. Kousik
Waterway-1 1-IA LA Glycine max X.B. Yang
LA-2 1-IA LA Glycine max X.B. Yang
RK-1 1-IA MS Glycine max G.L. Sciumbato
RK-3 1-IA MS Glycine max G.L. Sciumbato
34RS 1-IB DC Poa sp R. Vilgalys
Shiba-2 1-IB Japan M.C. Rush
BHMS-1 1-IB LA Glycine max C.S. Kousik
BHMS-2 1-IB LA Glycine max C.S. Kousik
BHMS-3 1-IB LA Glycine max C.S. Kousik
46RS l_?b Brassica sp R. Vilgalys
3RS 1-IC Canada Pima resinosa R. Vilgalys
13RS 1-IC Japan Soil R. Vilgalys
SD-1 1-IC SD M.L. Carson
327 1-IC NY Phaseolus vulgaris H.R. Dillard
322 1-IC NY Phaseolus vulgaris H.R. Dillard
323 1-IC NY Phaseolus vulgaris H.R. Dillard
BV 1-IC Japan Sugar beet M .C Rush
8RS 2-1 Australia Soil R. Vilgalys
FC-25 2-1 M.C. Rush
RI-645 2-2IV Japan M.C. Rush
C-116S 2-2 HI Japan M.C. Rush
SD-2 2-2 SD M.L. Carson
4RS 3 Phaseolus vulgaris R. Vilgalys
ST-11-6 3 Japan Sotanum tuberosum M.C. Rush
7RS 4 HG-1 MN R. Vilgalys












9RS 2-2 MN Dacuscarota R. Vilgalys
10RS 5 Japan Glycine max R. Vilgalys
ST-6-1 5 Japan Solanum tuberosum M.C. Rush
72RS 6 HG-1 Japan SOU R. Vilgalys
74RS 6 GV Japan Soil R. Vilgalys
76RS 7 Japan Soil R. Vilgalys
33RS 8 Scotland Hordtum sp R. Vilgalys
72 8 Australia Clover root M.C. Rush
116RS 9 AK Solanum tuberosum R. Vilgalys
22RS BI Japan Soil R. Vilgalys
TS-2-4S BI Japan Soil M.C. Rush
R. oryzae - MS Oryzasattva G.L. Sciumbato
R. fragariae • LA Strawberry L.L. Black
a Isolates of some anastomosis groups (AG's) are subdivided into intraspecific 
groups (ISG). Details of the ISG designations have been presented by Ogoshi 
(2.13).
b Intraspecific group has not been determined.
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RESULTS
Symptoms caused by the various isolates on the soybean leaves included water 
soaking followed by necrosis. Data on disease severity caused by the isolates at 15,
20,25,30, and 35 C are summarized by AG in Table 3.2. Disease severity increased 
with increasing temperature, reaching the maximum at 25-30 C. Disease severity 
declined significandy at 35 C. Isolates of AG-1 IA, IB, IC. AG-1-? (46RS), AG-4, 
and AG-5 caused significandy greater disease severity on soybean leaflets at 20, 25 
and 30 C than any other isolates. Isolates of AG-1 IC and AG-4 caused significandy 
less disease than AG-1, IA, and IB and AG-5 at 25 C. At 15 C minimal disease 
severity was caused by AG-1, AG-4 and AG-5, except AG-1-? (46RS). Isolates of 
AG-1 IA caused greater disease severity than AG-1 IB and other groups at 35 C.
The effect of temperature on the mean number of infection cushions formed on 
soybean leaflets by the different AG's of R. solani is presented in Table 3.3. 
Infection cushions were formed only by isolates of AG-1 (IA, IB, and IC), AG-4, 
and AG-5. Maximum numbers of infection cushions were formed at 25 and 30 C. 
The other AG's of R. solani did not form infection cushions on soybean leaves, 
although, some caused minimal disease severity. The number of infection cushions 
formed at 15 C was low. The numbers of infection cushions formed increased with 
increasing temperature upto 30 C, and then declined significantly at 35 C. Isolates of 
AG-1 IA formed significantly more infection cushions than the other isolates at 35 C. 
Isolates of R.fragariae and R. oryzae caused minimal disease severity at 25 and 30 
C, however, no infection cushions were formed by these isolates on soybean leaves 
(Table 3.3). Some variation among the isolates within AG's were also observed 
(data not presented). Within AG-1 IA, the Waterway isolate caused significantly 
greater disease severity (mean «13 %) and formed more infection cushions (mean ** 
168) than the other isolates at 15 C. Isolates RK-1, LA-2, and IRS were less
virulent than isolate RK-3 and IABH-10 at 35 C. Within AG-1 IB, isolate MRS 
caused greater disease severity (mean -32 %) and formed more infection cushions 
(mean -  228) at 35 G  No significant variation was detected among isolates of AG-1 
IB at 20,25 and 30 G  Among isolates of AG-1 IC, isolate 327 caused significantly 
greater disease severity and formed more infection cushions than the other isolates at 
15 C.
Data on seedling infection by the various AG's are presented in Tables 3.4, and
3.5. Maximum seedling infection, based on lesion development, disease rating, and 
lesion length occurred at 25 C for AG-l (IB and IC) and AG-4. AG-5 caused greater 
seedling infection at 20 C than at 25 or 30 C. AG-1 IA caused greater seedling 
infection at 25 C than at 20 or 30 C. Other AG's caused only minimal damage to the
a
seedlings, and the extent of damage was significantly less than that caused by isolates 
of AG-1 (IA, IB and IC), AG-4, or AG-5. R. fragariae caused minimal or no 
damage to the soybean seedlings.
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Table 3.2. Disease severity8 caused by different anastomosis groups (AG's) of 
Rhizoctonia solani on soybean leaves at different temperatures
Disease severity at different Temperatures (C) 
No. of -----------------------------------------------------------
AG isolates 15 20 25 30 35 LSD q.05
1-IA 8 2 24 87 86 36 6.8
1-IB 5 3 35 83 81 13 8.9
1-IC 7 2 25 58 66 7 7.9
1-? 1 15 54 86 89 8 18.8
2 6 0 1 10 21 0 NSb
3 2 0 0 1 1 0 NS
4 2 3 22 61 59 15 13.0
5 2 3 42 78 75 1 13.9
6 2 0 0 2 8 1 NS
7 1 0 5 2 16 6 NS
8 2 1 1 1 1 1 NS
9 1 0 0 3 0 0 NS
BI 2 0 0 3 0 1 NS
R. frugariae 2 0 0 6 9 0 NS
R. oryzae 1 0 2 13 8 0 NS
LSDOXS 4.2 17.8 16.1 16.0 12.5
a Disease severity was determined as the percent area of the inoculated leaflets covered 
by lesions. Composite means of all isolates of each AG from four trials of the same
experiment are presented.
b NS indicates no significant difference across temperatures.
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Table 3.3. Numbers of infection cushions* formed on soybean leaflets by different 
anastomosis groups (AG’s) of Rhizoctonia solani at different temperatures
Number of infection cushions formed 
at different temperatures (C)
No. of ■
AG isolates 15 20 25 30 35 LSDqqs
1-IA 8 32 304 1068 1153 388 91
MB 5 44 441 1231 1152 132 117
1-IC 7 40 288 688 693 70 114
1-? 1 249 816 1201 1195 96 252
2 6 0 0 0 0 0 NS*>
3 2 0 0 0 0 0 NS
4 2 74 277 625 550 150 176
5 2 44 556 1042 991 8 189
6 2 0 0 0 0 0 NS
7 1 0 0 0 0 0 NS
8 2 0 0 0 0 0 NS
9 1 0 0 0 0 0 NS
BI 2 0 0 0 0 0 NS
R. fragariae 2 0 0 0 0 0 NS
R. oryzae 2 0 0 0 0 0 NS
L S D q.05 60 212 219 227 137
* Composite means of number of infection cushions formed per soybean leaflet by 
isolates of each AG from four trials of the same experiments are presented.
^ NS indicates no significant difference across temperatures.
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Table 3.4. Lesion development* on soybean seedlings caused by anastomosis 
groups (AG’s) of Rhizoctonia solani at different temperatures
Lesion development at 
different temperatures (C)
No of ------------------------------------
AG isolates 20 25 30 LSD0q5
1-LA 8 61 73 35 10
1-IB 5 60 65 36 12
1-IC 7 57 65 35 12
1-? 1 78 72 29 25
2 6 14 14 12 NS*>
3 2 16 11 0 NS
4 2 69 69 37 17
5 2 64 41 36 17
6 2 0 1 10 NS
7 1 8 2 0 NS
8 2 0 14 0 NS
9 1 13 11 17 NS
BI 2 9 5 9 NS
R. fragariae 2 4 5 0 NS
LSDq.05 19 19 20
8 Lesion development was determined visually as the percent area of the 
hypocotyl region covered by lesions. Composite means of all isolates of each 
AG from three trials of die same experiment are presented.
L
NS indicates no significant difference across temperatures.
Table 3.3. Mean disease ratings (0-3)* and length of lesions (cm) on soybean seedlings inoculated with different anastomosis 
groups (AG's) of Rhizoctonia solani and incubated at three temperatures
AG




LSD0.0520 25 30 20 25 30
1-IA 3.1b 3.6 1.8 0.51 1.9b 3.1 1.5 0.44
1-IB 3.0 3.3 1.9 0.57 2.1 2.6 1.5 0.49
1-IC 2.9 3.4 1.8 0.59 1.9 2.2 1.6 0.50
1-? 3.9 3.8 1.4 1.23 3.0 3.3 1.2 1.06
2 0.8 0.7 0.6 NSC 0.6 0.5 0.5 NS
3 0.8 0.7 0.0 NS 0.5 0.4 0.0 NS
4 3.4 3.5 1.9 0.84 2.8 2.9 1.6 0.73
5 3.3 2.4 2.1 0.84 2.1 1.7 1.3 0.73
6 0.0 0.1 0.5 NS 0.0 0.1 0.3 NS
7 0.4 0.2 0.1 NS 0.2 0.1 0.0 NS
8 0.1 0.8 0.0 NS 0.0 0.5 0.0 NS
9 0.7 0.7 0.9 NS 0.3 0.6 0.2 NS
R.fragiariae 0.1 0.2 0.0 NS 0.1 0.3 0.0 NS
lsdoxb 0.95 0.91 0.99 0.73 0.86 0.86
a Ratings were assigned on a scale of 0-5 in which, 0 = No symptoms, and 5 = seedlings collapsed and dead, 
b Composite means of all isolates of each AG from three trials of the same experiment are presented. 
c NS indicates no significant difference across temperatures.
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DISCUSSION
Isolates of AO-1 (IA, IB, and IC), AG-4, and AG-5 caused significantly greater 
disease severity on soybean leaves than any other group of isolates evaluated in this 
study, and these were the only isolates that formed infection cushions on soybean 
leaves. The other AGs of R. solani, as well as R. fragariae, and R. oryzae did 
not form infection cushions on soybean leaves. Infection cushion formation is 
believed to aid in the penetration and colonization of host tissues (3.6,3.9,3.11). In 
our experiments, some of the AG's caused minimal disease severity on soybean 
leaves. However, these AG's did not form infection cushions or colonize the soybean 
leaves extensively. In most cases, the mycelium of these isolates grew on the surface 
of the leaves without penetrating them. Studies of interactions between R. solani 
(AG-3) and roots of 27 plant species indicated an epiphytic relationship between this 
fungus and many plant species (3.3). The minimal disease severity caused by some 
of the AG's also could have been due to the production of extracellular toxic 
metabolites secreted by the isolates during growth. Our data suggests the possibility 
that the minimal amount of disease severity produced in this type of study with R. 
solani may provide misleading results. Hence, the formation of infection structures 
by R. solani on host tissues also needs to be taken into account. Infection cushion 
formation on host tissues may serve as a additional indicator of virulence of R. 
solani on plant tissues, along with disease severity. A chemical stimulus has been 
implicated as an inducer of infection cushion formation by R. solani on host tissues 
(3.6,3.9,3.11). Our results indicated that isolates of only three AG's; AG-1 (IA, IB 
and IC), AG-4 and AG-5; formed infection cushions on soybean leaves. This 
supports the suggestion that host specific chemical stimuli is needed to induce 
infection cushion formation in different AG's.
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In this study* a detached leaf inoculation technique was used to compare 
virulence of different AO's of R. solani on soybean leaves. However, in 
preliminary experiments we compared disease severity between detached and intact 
leaf inoculation techniques at 30 C. Observation on the disease severity were 
recorded 72 hr after inoculation. The results of both these inoculation techniques 
followed a similar trend (R? ™ 0.823).
Only isolates of R. solani AO-1 IA and IB cause RFB of soybeans in nature 
(3.19). Isolates of AG-1 IC, AG-4, and AO-5 are not known to attack the foliar 
pans of soybean in Louisiana. Isolates of AO-4 are prevalent in Louisiana and cause 
soybean seedling diseases (3.16); however, isolates of AG-1 IC, and AG-5 have not 
been reported in Louisiana. Our data indicates the potential of AG-1 IC, AG-4, and 
AG-5 isolates to be destructive foliar pathogens of soybeans.
Most of the R , solani isolates that cause soybean seedling disease belong to 
AG-4 (3.2,3.16). Isolates of R. solani AG-1 from adult soybean plants can infect 
soybean seedlings in the greenhouse (3.17,3.18). Recently, Yang, et al. (3.20) 
reported the occurrence of natural seedling infection by aerial blight (AG-1 IA) and 
web blight (AG-1 IB) isolates of R. solani. They also indicated that these isolates 
had little effect on seedling emergence. Our results also indicate that AG-1 IA and IB 
isolates can cause seedling infection of soybeans. Isolates of AG-2, AG-3, and AG- 
5 also cause seedling infection of soybeans (3.10,3.16). Our results indicated that 
isolates of AG-1 (IA, IB, and IC), AG-4 and AG-5 can cause significant seedling 
disease compared to the other AG's. Isolates of AG-2,3,6,7,8,9, BI and R. 
fragiariae caused only minimi al or no seedling infection at the three temperatures in 
this study.
Recently, Carling and Leiner (3.5) demonstrated that isolates of AG-5 were mild 
to moderately virulent at 15.5 and 21.1 C on potato sprouts. We observed that
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isolates of AG-S were significantly more aggressive on soybean seedlings at 20 C 
than at 25 or 30 C, Carling and Leiner (3.5) also indicated that isolates of AG-4 were 
generally favored by wanner temperatures. Our results indicated that isolates of AG- 
4 were more virulent on soybean seedlings at 20 and 25 C than at 30 C. Isolates of 
AG-1 (IB and IC) caused significantly greater seedling infection at 20 and 25 C than 
at 30 C. Isolates of AG-1 IA caused greater seedling infection at 25 C than at 20 or 30 
C and also caused greater disease severity on soybean leaves at 35 C compared to 
AG-1 IA or IC. This suggests that the isolates of AG-1 IA are favored by warmer 
temperatures compared to AG-1 IB and IC. We also observed more infection 
cushion formation with greater disease severity on soybean leaves at 25 and 30 C 
than at 15,20 or 35 C whereas greater seedling infection was noted at 20-25 C. This 
suggests that infection and colonization of different host parts may be affected 
differently by temperature.
Isolates of both AG-1 IA (aerial blight) and AG-1 IB (web blight) are prevalent 
on soybeans in Louisiana (3.19). However, we have observed that, in certain years 
infection by AG-1 LA is more prevalent than AG-1 IB or vice versa. Isolates of 
AG-1 IA caused significantly greater disease severity and formed more infection 
cushions than any of the other AG's at 35 C. Thus, the differential effect of 
temperature on virulence of aerial and web blight isolates could possibly explain the 
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CHAPTER 4
Comparison of dsRNA components and 
virulence among isolates of Rhizoctonia solani 




Rhizoctonia foliar blight (RFB) of soybean (Glycine max (L.) Merr.) in 
Louisiana is caused by the isolates of Rhizoctonia solani Kilhn belonging to the 
anastomosis group one (AG-1), which includes AO-1 intraspecific group IA (sheath 
blight subgroup), and causes aerial blight and AO-1 IB which causes web blight of 
soybeans (4.27). R. solani AO-1 IA and IB can be found in the same field (4.27) 
and sometimes on the same plant Temperature has a differential effect on the 
virulence of isolates of AO-1 IA and AO-1 IB on soybean leaves and seedlings 
(Chapter 3). Isolates of AG-1 IA and IB are genetically different based on DNA-DNA 
homology (4.26). Recently, the genetic diversity of dsRNA among the isolates of R. 
solani in AG*s 1 to 5 was demonstrated (4.3). The dsRNA components among the 
isolates of AO-1 IA and IB also have been shown to be genetically different (4.4). 
Double-stranded RNA in some of the isolates of R. solani have been reported to be 
of viral nature (4.11,4.23).
Casthano, et al. (4.3, 4.6, 4.7) reported the association of dsRNA with 
Rhizoctonia decline. The authors referred to this phenomenon as transmissible 
cytoplasmic hypovirulence (TCH), similar to that in the case of Cryphonectria 
parasitica (4.1,4.8). Casthano, et al. (4.6) also suggested the use of the diseased 
isolate as a potential biocontiol agent. However, there is a lack of agreement on 
whether the dsRNA is involved in hypovirulence or virulence in R. solani. Finkler, 
et al. (4.11) reported that of dsRNA was involved with virulence, and not 
hypovirulence. Recent studies showed no significant correlation between virulence or 
hypovirulence and the mere presence of dsRNA (4.3). A direct or indirect correlation
between specific dsRNA species and hypovirulence was suggested (4.3). Similarly, 
dsRNA was ubiquitous in natural populations of R. solani with no apparent 
correlation between the presence of dsRNA and the degree of pathogenicity (4.28). 
Recently, no significant correlation between the presence of dsRNA and pathogenicity 
was reported in Diaporthe phascolorum var. caullvora which causes stem canker of 
soybeans (4.16). In Cryphonectria parasitica the presence of dsRNA was strongly 
correlated with hypovirulence (4.10, 4.12). Despite the extensive work done on 
dsRNA’s of C. parasitica, researchers still speculate on the association of dsRNA 
with hypovirulence, since Koch's postulates have not yet been satisfied.
The presence or absence of different sizes and numbers of dsRNA molecules has 
been used to characterize the field isolates of several fungal pathogens 
(4.17,4.18,4.24). Extensive intraspecific variation exists in the dsRNA band patterns 
from Puccinia spp. which is correlated with the host range of the species (4.18). 
Such variation could probably be exploited as a tool for identifying specific strains of 
fungi (4.16).
The present study was conducted to determine if variation in dsRNA components 
could be detected among the isolates of R. solani AG-1 IA and IB attacking soybeans, 
and to determine if any correlation exists between dsRNA and virulence. 
Additionally, we also included the isolates of all the other AG’s of R. solani, AG-
1,2,3,4,5,6,7,8,9, and AG-BI, in the study, to detect variation in dsRNA profiles.
71
MATERIALS AND METHODS
Isolates and growth conditions. The details of the R. solani isolates used in 
this study have been presented in the previous chapter (Table 3.1). Additional isolates 
used in this study were those with the prefix BHIA belonging to AG-1 IA and those 
with SMI (single microsclerotial isolates) and BHMS-91 belonging to AG-1 IB. 
These cultures were isolated from soybean plots at the Ben Hur Research farm. Baton 
Rouge, LA, during the 1991 growing season. Other isolates tested were RLA-AG4 
and FLA-AG4 both of which belong to AG-4 and were isolated from cotton. 
Cultures were maintained on potato dextrose agar (PDA). For extraction of dsRNA, 
cultures were grown at room temperature (approximately 25 ±  2 C) in 200 ml 
Erlenmeyer flasks containing 50 ml of potato dextrose broth (PDB). Mycelial mats 
after 2 weeks of growth were harvested by vacuum filtration on Whatman No. 1 filter 
paper. The mycelial mats were freeze-dried for 24 h.
Extraction and purification of dsRNA. The dsRNA was extracted from the 
freeze-dried mycelial mats using the method of Morris and Dodds (4.17) as modified 
by Valverde, etal. (4.25). Freeze dried mycelium was ground in a mortar and pestle, 
and 10 ml of STE (0.1 M NaCl, 0.05 M Tris, 0.001 M EDTA, pH 6.8) was added to 
each sample, and ground further. The samples were transferred to centrifuge tubes 
and 1 ml of 10% SDS, 0.5 ml of 2% bentonite, and 9 ml of STE-saturated phenol 
were added to each sample. This mixture was shaken for 30 min and centrifuged at 
8000 g for 20 min. The aqueous phase was withdrawn, adjusted to 16.5% ethanol, 
and subjected to two cycles of cellulose (Whatman CF-11, Whatman, Clifton, NJ) 
chromatography. DsRNA was eluted with 6 ml of STE buffer and precipitated with 
three volumes of cold 95% ethanol and 0.5 ml of 3.0 M sodium acetate (pH 5.5)
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overnight at -20 C. DsRNA precipitates were collected by centrifugation at 8000 g 
for 30 min and resuspended in ISO p.1 of EG buffer (0.04 M Tris, 0.02 M sodium 
acetate, 0.001 M EDTA, 20% glycerol, and 0.01% bromophenol blue).
Polyacrilamide gel electrophoresis. All dsRNA samples were subjected to 
polyacrilamide gel electrophoresis. Aliquots of 50 pt were loaded on to 6% 
polyacrilamide gels (40:1, acritamide : bisacrilamide) in a vertical slab gel apparatus. 
Electrophoresis was conducted at constant voltage of 100 v for 3 h. Molecular size 
markers used were dsRNA's of tobacco mosaic virus-U5 (TMV-U5, 6.5 kb), 
cucumber mosaic virus and it's satellite (CMV, 3.0 and 0.3 kb), pepper virus (CW, 12 
kb), STJ-2 (dsRNA isolated from Diaporthe phaseolorum var. caulivora, 4.5, 1.8, 
and 1.4 kb), and PeniciUium stoloniferum (PsV, 1.4 kb). Gels were stained with 
ethidium bromide (20 ng/ml) for 30 minutes, and photographed with Polaroid film # 
55 under UV light.
Stability of dsRNA. Isolates Crowley-2 and BHIA-14 were serially transfered up 
to six generations on PDA and the subcultures obtained from each generation was 
subjected to dsRNA analysis. Isolates Crowley-2, BHIA-14, SMI 918, and Shiba-2, 
were grown at 35 C for 1 wk on PDA, and one agar plug (3-mm-diameter) from the 
growing-edge of these colonies were transferred to 50 ml of PDB in 250 ml 
Erlenmeyer flasks. The flasks were incubated at room temperature for 2 wk. Freeze- 
dried mycelium of these isolates was then subjected to dsRNA analysis as described 
previously.
Location of dsRNA's in cell. To determine the location of the dsRNA in the
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fungal cell, cell fractionation was done as per the method of Kim and Klassen (4.15) 
and Lee, et at, (4.16). Freeze-dried mycelium was ground in a mortar and pestle with 
extraction buffer (50 mM Tris/HCl, pH 7.4, 10 mM EDTA, 0.44 M sucrose). This 
homogenate was centrifuged at 1,500 g for 5 min and the pellet which comprised of 
cell debris was saved. The aqueous phase was centrifuged again at 3,500 g for 10 
min and the pellet was saved (nuclear fraction). The aqueous phase obtained after the 
second centrifugation was re-centrifuged at 20,000 g for 10 min. The pellet obtained 
was the mitochondrial fraction, and the aqueous phase was the cytoplasmic fraction. 
Each of these cell fractions was then subjected to dsRNA extraction and analysis as 
per the previously described methods.
Virulence of isolates. To determine the virulence of isolates, detached leaflets of 
soybean cultivar Braxton, were inoculated as previously described (Chapter 3). One 
agar plug (3-mm-diameter) of each of the isolates grown on PDA was used to 
inoculate each individual leaflet. Inoculated leaflets were incubated at room 
temperature (25-27 C). Data on disease severity (%) per leaflet were recorded 72 hr 
after inoculation for each of the isolate. The experiment was conducted twice. The 
pooled data of the two experiments were then analyzed by using the SAS PROC GLM 
procedure (4.22). In addition the isolates grown at 35 C, were also tested for 
virulence.
Mycelial growth. The isolates of R. solani used in this study were grown on 
PDA plates for 3 days. Agar plugs (3 mm) from the growing-edge of the cultures 
were placed on PDA in 15-cm-diameter plates and incubated at room temperature in 
dark. The diameter of the colonies was measured 72 h after subculturing. The 
experiment had four replications and was conducted three times. The pooled data of
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alt the experiments was used for statistical analysis using the SAS PROC-GLM 
procedure (4.22).
Phenol oxidase test. Agar plugs (3-mm-diameter) from the growing edge of the 
cultures on PDA of the various isolates were transferred onto plates of Bavendamm's 
medium (0.5% tannic acid, 1.5% Difco malt extract, 2% Difco bacto agar, pH 4.5).
The plates were incubated at room temperature in the dark. Data on color reaction was 
recorded 1 wk after incubation as described by previous workers (4.16). The color 
reaction was scored as: 0 = no color reaction, 1 = weak reaction, 2 = intermediate 
reaction, 3 * strong reaction and 4 -  very strong color reaction. This study was 
conducted twice with four replications each time. Statistical analysis was conducted 




Doubte-stranded RNA (dsRNA) was detected in 63% of the AG-1 IA and IB 
isolates. Sixty-one percent of the AG-1 IA isolates, and 65% of the AG-1 IB isolates 
had dsRNA. Molecular sizes of the dsRNA's ranged from 1.3 to 9.3 kb in AG-1 IA 
isolates, and from 1.5 to 12 kb in AG-1 IB isolates. The dsRNA's were classified 
according to their molecular sizes as large (>4.5 kb), medium (2 to 4.4 kb), and small 
(0 to 1.9 kb). Seven of the AG-1 IA isolates used in this study had 7 dsRNA 
components (Table 4.1, Fig. 4.1). Isolate Crowley-2 had only 2 (1.5, 1.3 kb), and 
isolate Waterway had 3 dsRNA components (9.3, 1.6 and 1.26 kb). In AG-1 IB, 
91% of the isolates with dsRNA had large dsRNA components, and of these, 73% 
had only the large 12 kb component. Details of the dsRNA components present in 
various isolates are presented in Table 4.1, and Fig. 4.2.
Isolates of the other AG's of R. solani also had dsRNA components, and of the 
30 isolates tested, 12 had dsRNA. The number and component sizes varied among the 
isolates (Table 4.2, and Fig. 4.3).
Serial subculturing of two isolates (BHIA-14 and Crowley-2) up to six treansfers 
indicated that the dsRNA components were very stable (Fig. 4.4).
No dsRNA was detected in isolates Shtba-2, SMI-918, and BHIA-14 after 
growth at 35 C for one week, however, the dsRNA components of isolate Crowley-2 
appeared to be stable (Fig. 4.5). No significant difference in the virulence of the 
isolates grown at 35 C (without dsRNA) and those grown condnously at room 
temperature (with dsRNA) was noted (Table 4.3). Contrast analysis and t tests also 
indicated no significant differences (details not presented).
The dsRNA components were present in the cytoplasmic fractions of two isolates 
BHIA-14 and Crowley-2. No dsRNA was detected in the nuclear and mitochondrial 
fractions (Fig. 4.6).
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No significant differences were detected among the isolates of AG-1 IA or IB 
with respect to disease severity, mycelial growth, or phenol oxidase activity (Table 
4.1). Contrasts between the means of dsRNA-containing and dsRNA-free isolates of 
AG-1 IA and IB indicated no significant differences for disease severity, mycelial 
growth, or phenol oxidase activity (Table 4.4).
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Table 4.1. Disease severity on soybean leaves, mycelial growth, phenol 
oxidase activity and double stranded RNA (dsRNA) components of isolates of 

















_d 82.5 14.0 1.5
BH56 9.3, 7.8, 2.9, 2.1,1.5, 1.4, 1.3 88.5 12.8 1.5
BHIA-14 9.3, 7.8, 2.9, 2.1,1.5, 1.4, 1.3 95.5 14.0 1.9
BH51 - 78.0 13.7 1.5
RK-1 - 94.5 14.1 2.1
BH57 2.9, 2.1,1.5, 1.4, 1.3 90.0 12.9 2.8
BH52 9.3, 7.8, 2.9, 2.1,1.5, 1.4, 1.3 96.5 13.1 1.5
BHSO 9.3, 7.8, 2.9, 2.1,1.5, 1.4, 1.3 81.0 14.1 2.5
BH53 9.3, 7.8, 2.9, 2.1.1.5, 1.4, 1.3 86.5 12.9 _e
Waterway 9.3, 1.6, 1.26 93.5 12.9 1.6
RK-3 - 99.5 13.9 1.9
BHIA-7 9.3, 7.8, 2.9, 2.1,1.5, 1.4, 1.3 96.0 13.5 2.3
BHIA-1 - 85.0 _e 1.8
BHIA-3 - 92.0 13.8 2.3
Crowley-2 1.5, 1.3 96.5 12.9 2.3
IRS - 79.5 13.0 2.0
BHIA-10 9.3, 2.1, 1.5 94 13.3 1.3
BH62 9.3, 7.8, 2.9, 2.1,1.5, 1.4, 1.3 80.0 13.9 2.8
l sd 005 21.7 1.5 1.8
R. solani AG-1 IB 
BHMS-91-1 12 70.5 8.1 1.9
BHMS-91-7 12 79.0 8.7 2.8
SMI-915 12 67.0 10.7 2.0
BHMS-12 - 67.0 10.1 —
SMI-918 9.4, 2.1, 1.5 73.0 10.7 1.6
















SMI913 12 72.0 10.3 1.0
BHMS-91-1 12 66.5 10.0 2.0
SMI-912 12 75.0 9.8 1.0
SMI-917 12 63.5 10.4 1.6
BHMS-1 - 77.0 10.7 1.6
Shiba-2 9.5, 6.5 97.5 12.1 2.8
BHMS-91-2 - 75.0 — 2.8
36RS - ~b 11.0 3.0
34RS 9.4, 2.1, 1.5 89.0 11.2 1.4
BHMS-3 - 71.0 10.9 —
BHMS-2 - 81.5 8.6 —
LSDaos 22.9 3.4 1.6
LSDq.05 (AG-1 IA & IB) 22.5 2.6 1.7
a Disease severity (percentage of leaflet area diseased) was measured on 
inoculated soybean leaflets of cultivar Braxton. Composite means of two 
experiments are presented.
Mycelial growth was measured as colony diameter (cm) on PDA plates, 72 h. 
after inoculation. Composite means of three experiments are presented.
0 Phenol oxidase activity of each isolate was measured in Bavendam's medium 
based on color reaction, using a rating scale of 0-4 in which 0 -  no reaction, 
and 4 * very strong reaction.
** No dsRNA detected. 
e Not tested.
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Fig. 4.1. Fractionation of dsRNA's from isolates of Rhizoctonia solani AG-1 
IA, IB, and IC, on 6% polyacrilamide gels stained with ethidium bromide. Lane 
1, dsRNA from Diaporthe phaseolorum var. caulivora (STJ-2), lanes 2 to 5, 
dsRNA from AG-1 IA isolates, Crowley-2, Waterway, BH-52 and BH-50 
respectively. Lanes 6 and 7, dsRNA from AG-1 IB isolates and correspond to 
SMI-913, and Shiba-2 respectively. Lane 8, 322 (AG-1 IC). The numbers on 














AG-1 IA AG-1 IB 
AG-I Intraapodfk (roups
Fig. 4,2. Percent isolates of Rhizoctonia solani AG-1 IA and IB containing 
dsRNA (A). Percent isolates of R. solani AG-1 IA and IB with different sizes of 
dsRNA components (B).
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Table 4.2. Mycelial growth (cm), phenol oxidase activity, and dsRNA 
components molecular size (kb) of isolates of Rhizoctonia solani belonging to 












B43 _c 12.9 2.6
327 - 14.2 1.8
322 2.1, 1.6 12.6 2.0
AG-1ICSD - 13.0 2.4
13RS - 14.2 2.6
3RS - 13.5 3.1
BV - 14.2 1.8
AG-2
8RS >12, 1.8, 1.3, 0.46 5.0 2.0
9RS 4.5, 2.7, 2.3, 1.4 7.1 3.0
AG-2-2SD 9.5, 7.4 7.4 2.1
Cl 165 - 6.0 1.2
AG-3
4RS 9.4 5.3 1.0
ST-11-6 >12, 9.4, 7.3, 2.4, 1.8, 1.3 2.9 1.5
AG-4
7RS - „d 2.0
ATCC-18184 7.3, 1.5 9.4 2.5
RLA-AG4 8.1, 3.2, 2.1,1.5, 1.4, 1.3 8.7 „d
FLA-AG4 8.1. 3.2, 1.5, 1.4, 1.3 10.3 —
AG-5
10RS - 10.4 2.6














72RS _c „d 3.0
74RS - 6.8 3.4
AG-7
76RS >12 12.2 2.6
AG-8
33RS - 3.8 1.8
72 - 4.4 1.0
AG-9
116RS - 4.2 1.4
AG-9 - 3.5 1.0
AG-BI
TS-2-4S 2.2 5.6 2.6
22RS 2.2 4.2 1.8
Others
46RS (AG-1?) - 13.9 1.8
R. oryzae - 10.1 1.3
LSDo.05 1.7 1.3
* Mycelial growth was measured as colony diameter (cm) on PDA plates 72 h 
after inoculation. Composite means of three experiments are presented. 
b Phenol oxidase activity of each isolate was measured in Bavendam’s medium 
based on color reaction using a rating scale of 0-4 in which 0 « no reaction 
and 4 -  very strong reaction. 
c No dsRNA detected
** Not tested
i
Fig. 4.3. Fractionation of dsRNA from isolates of Rhizoctonia solani on 6% 
polyacrilamide gels. Lane I, Cucumber mosaic virus and it's satellite (CMV), lane 
2, 8RS (AG-2-1), lane 3. 9RS (AG-2-2), lane 4, ST-11-6 (AG-3), lane 5, 4RS 
(AG-3), lane 6, RLA-AG4 (AG-4), lane 7, ST-6-1 (AG-5), lane 8 ,76RS (AG-7), 
lane 9, 33RS (AG-8), and lane 10, TS-2-4S (AG-BI). The numbers on the left 
indicate the sizes (kb) of the dsRNA standards.
Fig. 4.4. Fractionation of dsRNA from Rhizoctonia solani isolate of 
Crowley-2 on 6% polyacrilamide gel, after successive subculturing on potato 
dextrose agar. Lanes 1 to 6, correspond to transfers 1 to 6 respectively. The 




Fig. 4.5. Polyacrilamide gel (6%) electrophoresis of dsRNA from isolates of 
Rhizoctonia solani AO-1 IA and IB grown at room temperature, and at 35 C. 
Lanes 1-3 contain isolates grown at room temperature (25-27 C) as follows; lane 1, 
SMI-918, lane 2, BHIA-14, lane 3, Crowley-2. Lanes 4 to 7, contain isolates 
grown at 35 C for one week, subcultured and grown at room temperature as 
follows; lane 4, SMI-918, lane 5, BHIA-14, lane 6, Crowley-2, lane 7, Shiba-2. 
Lane 8, dsRNA from isolate STJ-2 of Diaporthe phaseolorum var. caulivora. The 
numbers on the right indicate the sizes (kb) of the dsRNA standards (STJ-2).
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Table 4.3. Virulence of isolates of Rhizoctonia solanl AG-1 IA and IB with 
dsRNA components or without dsRNA components after growth on potato 




RT* 35 C? RT** 35 0°
R. solani AG-1 IA
BHIA-14 99 99 81 87
Crowley-2 85 88 75 81
R. solani AG-1 IB
Shiba-2 91 88 81 87
SMI-918 91 94 65 75
LSDo-OS 11.2 23.4
g
Virulence of isolates was measured as disease severity (percentage of leaflet 
area diseased) per inoculated soybean leaflet of cultivar Braxton grown in a 
greenhouse and on leaflets of cultivar Davis obtained from soybean plots at 
Ben Hur Research Farm, Baton Rouge, LA. 
b RT indicates isolates grown continouslyat room temperature. These isolates 
had all the dsRNA components. 
c Isolates were grown on PDA at 35 C for 1 wk and then subcultured onto 
potato dextrose broth, grown for 2 wk and analyzed for dsRNA. No 
dsRNA was detected in isolates of BHIA-14, SMI-918, and Shiba-2 after 
growth at 35 C for 1 wk.
Fig. 4.6. Polyacrilamide gel (6%) electrophoresis of dsRNA from cell 
fractions of Rhizoctonia solani, isolate Crowley-2. Lane 1, total cell 
extract, lane 2, mitochondrial fraction, lane 3, nuclear fraction, lane 4, 
cytoplasmic fraction, and lane 5 cell debris. The number on the left 
indicates the size (kb) of the dsRNA component
Table 4.4. Contrasts between means of dsRNA-containing and dsRNA-free 
isolates of Rhizoctonia solani anastomosis group one (AO-1) intraspecific 
groups IA and IB
With vs without dsRNA
Variable F p > F®
R. solani AG-1 IA
Disease severity^ 1.08 0.3064
Mycelial growthc 3.02 0.0887
Phenol oxidse activity*1 0.21 0.6470
R. solani AG-1 IB
Disease severity 3.23 0.0831
Mycelial growth 0.54 0.4671
Phenol oxidase activity 0.95 0.3404
a Probability of obtaining a larger absolute value of F.
b virulence of isolates was measured on the basis of disease seventy per 
inoculated soybean leaflet of cultivar Braxton. 
c Colony diameter (cm) was measured 72 h after transferring mycelial disc to 
potato dextrose agar in 15-cm-diameter petri plates. 
d Phenol oxidase activity of each isolate was measured in Bavendam's medium 
based on color reaction on a rating scale of 0-4 in which 0 ■ no reaction, and 
4« very strong color reaction.
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DISCUSSION
About 34% (33/63) of all the isolates of R. solani tested had dsRNA 
components. Sixty-one percent of the isolates of AO-1 IA and 63% of die isolates of 
AO-1 IB showed the presence of dsRNA components. Some of the isolates of AG-1 
IA or IB obtained from the same field did not have dsRNA components indicating 
that not all the isolates of R. solani from the same field contain dsRNA components. 
Casthano, et al.(4.7) reported that only 3 out of 13 isolates of AO-1 contained 
dsRNA, however, Zanzinger, et al. (4.28) reported that dsRNA was common in a 
given population of field isolates of R. solani. In their study, 49 out of 30 isolates 
of R. solani isolated from potato fields and belonging to 3 AG's ( AG-1 to AG-3) 
contained dsRNA. In other studies with R. solani, all isolates contained dsRNA 
(4.3,4.4). Similarly, the spores of all of the 26 isolates of Puccinia examined 
contained dsRNA (4.18). Tooley, et at. (4.24) recently reported that 36% of 
Mexican isolates of Pkytopthora infestans contained dsRNA components, while 
dsRNA was not detected in any of the 20 isolates from the United States or Europe. 
The disappearance and reappearance of certain dsRNA components has also been 
observed in Cryphonectria parasitica (4.9).
The fact that R. solani AG-1 IA and IB belong to the same anastomosis group, 
but different intraspecific groups (4.19) has also been demonstrated by DNA-DNA 
hybridization (4.26). Differences in dsRNA components also were detected between 
the two intraspecific groups. Most of the soybean isolates of AG-1 IB, which had 
dsRNA contained only the 12 kb dsRNA component, while 81% of the AG-1 IA 
isolates contained large dsRNA components of 9.3 and 7.8 kb. The 7.8 kb dsRNA 
component was not found in the isolates of AG-1 IB isolated from soybeans, and the 
12 kb dsRNA component found in the AG-1 IB isolates was not detected in any of 
the AG-1 IA isolates. However, many of the isolates of AG-1 IA and IB used in this
90
study were isolated from fields at the Ben Hur Research Farm, Baum Rouge, LA. 
Moreover, both of these isolates cause RFB of soybean and can be found in the same 
field (4.27), and sometimes on the same plant. These results suggest that the 
frequency of anastomosis between isolates of AO-1 IA and IB in the field is low, or 
there could possibly be some barrier to the transfer of dsRNA components from AG- 
1 IA to AG-1 IB or vice versa. Recently, Bharathan and Tavantzis (4.4) reported 
that the dsRNA components from isolates of AG-1 IA and IB did not share sequence 
homology with the dsRNA components from the isolates of AG-1 IC. Similarly, it is 
possible that the dsRNA components from the isolates of AG-1 IA and IB do not 
share sequence homology. However, further studies need to be done to determine 
this. Newton and Caten (4.18) repotted that extensive intraspecific variation exists in 
the dsRNA patterns from Puccinia spp. and this variation is correlated with the host 
range of the species. The authors suggested that such intraspecific variation in 
dsRNA offers a potential means of identifying intraspecific strains of fungi (4.18).
The isolates of AG-1 IB with the prefix SMI were isolated from single 
microsclerotia from soybean leaves, and these isolates had the 12 kb dsRNA. These 
results suggest that the dsRNA are present in the monilioid cells of the microsclerotia, 
and stable passage of the dsRNA occurs through the microsclerotia.
The dsRNA components in isolates of Shiba-2, SMI-918 (AG-1 IB), and 
BHIA-14 (AG-1 IA), disappeared when grown at temperatures of 35 C. However, 
the dsRNA components were stable in isolate Crowley-2 after the treatment. In 
experiments conducted by other workers, the dsRNA was stable after a high 
temperature treatment of 30 C (4.16). Casthano and Butler (4.5) also reported that 
high temperature (30 C) treatments did not have any curative effect on a diseased 
isolate of R. solani which contained dsRNA (4.7). In our experiments, cultures 
were incubated at 35 C, since in our previous studies (Chapter 3) we observed that
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the isolates of AO-1 IA infected soybean leaves at 35 C, and the isolates also grew at 
this temperature. In spite of the loss of the dsRNA components in three of the 
isolates, there was no significant difference in the virulence of these isolates either 
with or without the dsRNA. In experiments conducted by Casthano, et al. (4.5- 
4.7) hyphat tip cultures of R. solani which did not contain the dsRNA grew better 
and were not diseased in comparison to the isolate containing dsRNA (4.5,4.6,4.7). 
In Cryphonectria (Endothia) parasitica, eliminating the dsRNA in hypovirulent 
strains caused a dramatic increase in virulence (4.12).
The dsRNA components appeared to be very stable in R. solani through 
succesive subculturing up to six transfers. Moreover, the isolates Crowlcy-2 and 
BHIA-14 had been regularly subcultured for over 1 y before these experiments were 
conducted. Similarly, the dsRNA of Cryphonectria parasitica was stable through 
serial transfers up to seven transfers (4.2), and up to five transfers in Diaporthe 
phaseoiorum var. caulivora (4.16).
The dsRNA components of R . solani were located in the cytoplasm of the 
fungal cell. However, we also observed weak bands from the cell debri fraction that 
could possibly be contamination occurring during cell fractionation. Casthano et at 
(4.7) referred to the dsRNA in R. solani as the transmissible cytoplasmic 
hypovirulence (TCH). Similarly, the dsRNA components were detected in the 
cytoplasm in the case of Diaporthe phaseoiorum var. caulivora (4.16). However, 
in C. parasitica the dsRNA was packed in fungal vesicles (4.13), and in 
mitochondria in Ceratocystis ulmi (4.21).
There was no significant correlation between the presence of dsRNA and 
virulence of the isolates. No significant differences were found among the isolates of 
AO-1 IA or AO-1 IB with respect to disease severity on soybean leaves, mycelial 
growth on PDA, or phenol oxidase activity. Similarly, contrast analysis also
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indicated no significant differences among the means for disease severity, mycelial 
growth or phenol oxidase activity for the dsRNA-containing or dsRNA-frce isolates. 
Casthano, et a\. (4.5, 4.6, 4.7) reported that hypovirulence in Rhizoctonia solani 
was due to the presence of dsRNA. However, other researchers have reported no 
consistent association of dsRNA with the degree of pathogenicity of the isolates 
(4.3,4.14,4.28). Strong correlations between the presence of dsRNA and phenol 
oxidase activity or virulence was found in the case of Cryphonectria parasitica 
(4.20), and in Phytopthora ir\festans, a strong correlation between the presence of 
dsRNA and higher mycelial dry weight was observed (4.24). The results of our 
experiments indicate that the presence of dsRNA components in R. solani does not 
appear to have any effect on the virulence of the AG-1 IA or IB isolates. We also 
compared the dsRNA electrophoretic band patterns of 30 isolates belonging to AG-1 
IC, AG's 2,3,4,5,6,7,8,9 and AG-BI. Extensive variation in the dsRNA band 
profiles was observed. Isolates of AG-6, 8 and 9 did not contain dsRNA, however, 
we used few isolates of these various AG's. The electrophoretic band patterns of the 
other AG's were different from those observed for AG-1 IA or IB. In these 
experiments, although we recorded mycelial growth rate, and phenol oxidase activity 
of the isolates of the different AG's, we did not attempt to compare these characters 
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CHAPTER 5
Evaluation of resistance to Rhizoctonia foliar 




Rhizoctonia solani Ktlhn (teleomorph -  Thanatephorus cucumcris (Frank) 
Donk) is an important plant pathogen having a extremely wide host range and world­
wide distribution (5.1,5.23). Rhizoctonia foliar blight (RFB) of soybean is a 
destructive foliar disease complex caused mainly by Rhizoctonia solani, anastomosis 
group one (AO-1). The disease causes rapid defoliation of soybean plants in warm 
humid regions and has been reported from most tropical soybean-producing regions 
of the world, including Brazil, India, Japan, China, Phillipines, Puerto Rico, 
Tiawan, Poland, and the United States (5.2,5.9,5.14,5.22,5.24,5.26,5.27,5.28, 
5.30). In the United States, the disease has been reported from Louisiana and most 
of the other southern states (5.2,5.5,5.26,5.34,5.37). In Louisiana, the disease was 
first reported in 1954 (5.2), and it occurs in most soybean-producing areas of the 
state (5.34,5.37). Yield losses as high as 30 % due to RFB have been reported in 
commercial fields in Louisiana (5.15,5.26), and losses as high as 50% in research 
plots have been recorded (5.18). RFB of soybean in Louisiana includes web blight 
caused by R. solani AG-1 IB (intraspecific group IB, web blight subgroup) and 
aerial blight caused by AG-1 IA (sheath blight subgroup). The prevalence of each 
of these intraspecific groups varies from location to location within the state of 
Louisiana (5.34,5.37), In many cases both the aerial and web blight types occur in 
the same field (5.34,5.37), and at times on the same plant. In the southern United 
States, the RFB pathogen also causes rice sheath blight. The increase of rice sheath 
blight in Louisiana and Texas is considered to be a result of soybean-rice rotation
(5.5,5.24).
Rain-splashed debris containing mycelium and sclerotia from soil has been 
reported as the inoculum for RFB (5.3,5.10,5.11). The airborne nature of the 
microsclerotia may also provide a means for the pathogen to quickly spread and 
increase in the field (5.3,5.11). Basidiospores of the perfect stage of R. solani 
(Thanatephorus cucumeris (Frank) Donk) are capable of infecting soybean leaves 
and could be another means of the spread of the pathogen (5.20).
Growth stage of the soybean crop is an important factor in the progress of RFB 
(5.5,5.24,5.27,5.34,5.36). The mycelium begins to grow along the stems and 
infects the upper parts of the plants during the soybean flowering stages
(5.2,5.18,5.24). The disease spreads from plant to plant by means of aerial 
mycelium, forming distinct foci within the canopy (5.18,5.24,5.34,5.35,5.36,5.37). 
Rainfall during the flowering stages may encourage the outbreak of the disease 
(5.18,5.30,5.33). A significant correlation between rainfall and disease spread has 
been reported (5.34,5.35). frequent rainfall during late July and August encourages 
disease outbreaks (5.32). The density of the crop canopy is another important factor 
in the development of RFB. Highly significant correlations between row spacing and 
soybean defoliation by RFB have been reported (5.18,5.19).
The development of RFB has been divided into two phases, before and after 
canopy closure. The first phase has a soil-borne nature and is important for the 
establishment of disease foci. The second phase is the leaf-borne phase and is 
important for the rapid expansion of disease foci, and enhancement of disease spread 
(5.34,5.35).
The principal methods for control of foliar diseases caused by R. solani are the 
use of fungicides (5.16,5.17,5.21) and modifying cultural practices (5.12,5.19). 
RFB of soybeans can be controlled by the use of fungicides (5.16,5.17,5.21), 
however, the chemicals which are the most effective are not registered for use on 
soybean. Use of resistance cultivars to manage RFB also has been recommended
(5.26). Several cultivars which are resistant to RFB have also been identified 
(5.6,5.7,5.8). The performance of several of these cultivars has been highly variable 
from year to year and from location to location (5.6,5.7,5.8,5.18). The current 
techniques used to evaluate resistance to RFB mainly relies on natural source of 
inoculum (5.6,5.7,5.8). RFB of soybean has been reported as a clustered type of 
disease (5.34,5.35,5.38) and this probably accounts for the high variability of the 
cultivar reactions from year to year. Despite the abundant amount of information on 
the cultivar response to RFB over years, it has been extremely difficult to asses the 
stability of resistance of these cultivars due to the use of different rating systems over 
the years (5.6,5.7,5.8,5.18,5.19). Several rating systems for evaluation of RFB of 
soybean have been described (5.18,5.19,5.29). One of these rating systems used to 
asses RFB estimates disease on a linear scale of 0-9, with 0-no disease and 9->90% 
plants infected. However, this system does not take into account the severity of the 
disease (5.29). The other rating system estimates disease on a 1-25 scale, which is 
the product of the rating for the most severity diseased plant in a plot on a 1-5 scale 
and the distribution of RFB in the plot on a 1-5 scale. Joye, et al. (5.18,5.19) 
suggested that the 1-25 rating system for RFB accounted for more variability than the 
0-9 incidence scale because incidence is less prone to fluctuation than severity after 
the initial disease outbreak. In the present study we evaluvated resistance to RFB 
over a 4 y period using the 1-25 rating system (5.18,5.19). Additionally we also 
explored other methods to evaluate resistance to RFB.
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MATERIALS AND METHODS
Naturally-occurring inoculum was used in the various trials conducted on 
commercial farms. The cultivar trials were conducted in fields that had a history of 
RFB. Trials were conducted for four years. During the 1988 soybean growing 
season, ratings for RFB were made at producer farms near Burnside, LA, S t James, 
LA, and Maringouin, LA. Two row plots 6 m long were used for all cultivars. Two 
replications per location were planted. Ratings for RFB for each cultivar were 
recorded as described previously (5.18,5.19). Ratings were made on a 1-25 scale 
(5.18,5.19), which was based on the product of incidence and severity. Ratings for 
distribution were made on a 1-5 scale where 1 * 0-20 plants infected, and 5 = 81-100 
plants infected/100 plants in each row. Each row in these trials had over 200 plants. 
Severity ratings were made on the most severely diseased plant in each plot on a 1-5 
scale, with 1 -  initial water soaked lesions, becoming necrotic upon drying near leaf 
bases on a few leaves, 2 m water soaked and necrotic lesions over more than half leaf 
area, 3 * 3/4 of leaf area with necrotic and water soaked lesions, mycelial webbing to 
neighboring leaves, 4 * severe leaf necrosis and webbing over most of the plant, 
stem necrosis, pods aborting, and very few healthy leaves on plant, and 5 = plants 
dying or dead. The data obtained were analyzed using SAS procedures (5.25).
During the 1989,1990, and the 1991 growing seasons, ratings for resistance to 
RFB also were made in commercial cultivar trials at the Ben Hur Research Farm, 
Baton Rouge, LA. Four row plots, 8 m in length were used for all cultivars. During 
1989, ratings were made on one replication and during 1990 and 1991 on two 
replications. Ratings were made during the last week of September each year. In 
addition, during the 1990 growing season, agronomic traits were also recorded for 
each of the cultivars. These traits included plant height, leaf area, leaf length and leaf
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width. For measurement of leaf area, leaflets were randomly collected from the plots, 
and leaf area (cm2) measurements (approximately 60 leaflets per cultivar) were made 
using a leaf area meter (Delta-T Devices, Cambridge, England). Plant height (cm) 
was measured from the soil line to the topmost node of individual plants on Eve 
randomly-selected plants of each cultivar. The data obtained were analyzed using 
SAS procedures (5.25).
During the 1991 growing season an inoculated trial to evaluate resistance to RFB 
was established at the Ben Hur Research Farm. Plots had two rows 9 m in length 
with four replications per cultivar. R. solani inoculum suspension was sprayed on 
the soybean plants 56 days after planting when canopy closure had occurcd in most 
of the cultivars. One-half of one row per plot was sprayed with the inoculum 
suspension. For inoculation, cultures of R. solani AG-l IB (BHMS-1) were grown 
on 100 ml of potato dextrose broth in a 500 ml Erylenmeyer flask. After 2 wk of 
growth, the mycelial mats were harvested by vacuum filtration. The inoculum 
suspension was prepared by grinding the mycelial mats in a Waring blender (Model 
700B, Waring Products Corp., Winsted, Conn.) for 30 sec. The inoculum 
suspension consisting of both mycelial fragments and sclerotia (3.7 x 10* /ml) was 
used to spray each plot (63 ml/plot). RFB ratings were recorded 50 days after 
inoculation as described previously. In addition, data on plant height and leaf area 
were collected as described previously.
An additional method was used to evaluate resistance to RFB. Leaves from the 
top two nodes were randomly collected from plants in the unsprayed part of the rows 
in the inoculated field trial. One agar plug (3-mm-diameter) obtained from the edge of 
an actively growing culture (3-day-old) of R . solani AO-1 IB (BHMS-1) on potato 
dextrose agar, was placed on each detached leaflet. Six leaflets per cultivar were 
inoculated. The inoculated leaflets were placed in 15 cm petri plates lined with two 
layers of moist filter paper (Whatman No. 1) at room temperature (25 ± 2 C) in the
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dark as described previously (Chapter 3). Data on disease severity were recorded 96 
h after inoculation as described previously (Chapter 2). The data obtained from the 
inoculated trials were analyzed using SAS procedures (3.23).
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RESULTS
Disease ratings for RFB made at three locations during the 1988 soybean 
growing season are presented in Tables 3.1 and 3.2. Ratings were made on cultivars 
belonging to maturity groups V, VI, VII and VIII. The most resistant cultivars at all 
the three locations in this trial were DP 366 (Group V), Centennial (group VI), and 
Braxton (Group VII). Hie most susceptible varieties were Bay and Hartz 5171 
(group V), Davis (group VI), and Ransom (group VII). RFB was most severe at the 
St. James location (location mean 8.9), and least severe at the Burnside location 
(location mean 3.4). Ratings for some cultivars varied at different locations. Cultivar 
Buckshot 603 (group VI) had a rating of 10 at the Burnside location while only 2 at 
the Maringouin location. Similar variations in RFB ratings were also observed for 
some of the other cultivars (Table 3.1). There were no significant differences in the 
average RFB ratings for the soybean maturity groups V, VI, and VII (Table 3.2). 
Group VIII was not included in this analysis because of the low number of cultivars.
RFB ratings for commercial cultivar trials during 1989, 1990, and 1991 are 
presented in Tables 3.3, 3.4,3.3, 3.6,3.7, and 3.8. RFB was more severe in 1989 
(mean 8.1) than 1990 or 1991. During 1991 RFB was not severe and hence cultivar 
ratings were low (Table 3.3 and 3.6). The highly susceptible cultivar Cajun (group 
VI) had a RFB rating of 6 during 1991, whereas the ratings were 20 and 13 in 1989 
and 1990 respectively. Ratings for several cultivars differed from 1989 to 1990. 
Coker 483, HSC 379 (group V), RVS 696, Centennial (group VI), Buckshot 703 
(group VII) had higher ratings in 1989 (12-16), whereas in 1990 these cultivars had 
lower ratings (1-3). Some cultivars which had low ratings in 1989 had high ratings 
in 1990. For example, cultivars Hartz 6686 and RVS 699 (group VI) had high 
ratings in 1990 (11-14), than in 1989 (3-6). Significant differences in RFB ratings 
were observed among the maturity groups in all three years (Table 3.7). During 
1990, the average RFB rating fen* cultivars in group VI were significantly greater than
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for group V or VII. The average RFB ratings for 1989 and 1990 indicated that the 
cultivars in group VI and VII were more susceptible than the cultivars in group V 
(Table 5.8). The data from 1991 was not included in this analysis because of very 
low RFB incidence (overall mean 1.8).
Data on plant height, leaf area, leaf width, and leaf length were recorded during 
1990 are presented in Table 5.9. There were no significant correlations between any 
of the agronomic traits and the RFB ratings. Multiple regression analysis also 
indicated no significant correlations between RFB ratings and the combinations of die 
various agronomic traits (data not presented).
RFB ratings obtained from the inoculated nursery are presented in Table 5.10. 
Significant differences among the various cultivars were observed. The most 
resistant cultivars were Colquitt (group VII) and Bedford (group V). Cultivars in 
group V were the most susceptible, and had the highest average RFB ratings (Table 
5.11). There was no significant differences in the average RFB ratings of the group 
VI and group VII cultivars. The overall mean RFB ratings for the inoculated trial was 
8.0, whereas for the same cultivars in the commercial cultivar trials it was 7.8, 3.6, 
and 1.0 during 1989,1990, and 1991 respectively.
Significant negative correlations between plant height and RFB ratings for 
cultivars in group V and VI were observed (Table 5.12). There was no significant 
correlation between plant height and RFB ratings for cultivars in group VII. 
Similarly no significant correlations between leaf area and RFB ratings for any of the 
maturity groups were observed (Table 5.12).
A highly significant correlation was observed between the RFB ratings from the 
inoculated nursery and disease severity on detached leaflets inoculated in the lab 
(Figure 5.1). The cultivar RA 452 (group IV) had the highest disease severity, and 
the cultivar Deltapine X3627 (group VI) had the lowest.
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Table 5.1. Rhizoctonia foliar blight (RFB) ratings* for soybean cultivars in 
maturity groups V, VI, VII, and VIII at three locations in Louisiana, during 1988 
growing season




A 5980 - 6 - 6
Bay - 15 14 15
Bedford 8 4 1 5
Coker 485 - 8 8 8
DP 105 - 1 12 7
DP 506 1 4 6 4
DP 566 1 2 4 2
Forrest - 10 - 10
Hartz 5164 - 9 2 6
Hartz 5171 -b 10 18 14
Hartz 5370 - 4 - 4
STV/FFR 561 1 8 18 9
TV 505 20 6 12 13
Wilstar 550 - 9 6 8
Group VI
A 6279 3 6 11 7
A 6785 5 7 9 7
Buckshot 603 10 2 10 7
Cajun 3 9 14
Centennial 1 1 8 3
Coker 686 5 2 8 5
Davis 2 7 18
Hartz6130 10 6 6 7
Hartz 6385 6 5 9 7
RA 606 8 3 8
RA 680 2 3 9 5
Sampson 1 7 6 5
Sharkey 8 2 13 7
TV 616 1 4 6 4
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(Table S. 1 .continued)
RFB ratinff (1-251
Cultivar Burnside Maringouin St. James
Overall
mean
Victory 1 11 12 8
YK 699 1 11 12 8
Group VII
A 7986 1 8 1 3
Bragg - - 8 8
Braxton 1 4 1 2
Buckshot 703 1 10 11 7
Coker 6727 3 2 11 5
Coker 6847 1 4 7 4
DP 417 2 2 8 4
Hartz 7126 2 9 14 8
Ransom - - 11 11
S 72-60 5 12 12 10
TYacy M 4 3 4 4
TV 708 2 13 12 9
Wright - - 6 6
Group VIII
Coker 368 - - 5 5
Coker 6738 - - 2 2





RFB ratings arc on a scale of 1-25, determined from the product of ratings for 
distribution (rated on a 1-5 scale in which 1 ■ 0-20% and 5 m 81-100% of the 
plants infected) and severity (the most severely diseased plant in a plot rated on 
a 1-5 scale in which 1 * few leaves infected and 5 ■ plants dead).
b Not tested
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Table 5.2. Average Rhizoctonia foliar blight (RFB) ratings for soybean 








V 7.6 Ac 0.83
VI 6.4 A 0.68
v n 5.9 A 0.79
a Ratings were recorded at Burnside, Maringouin, and St. James, LA.
b RFB ratings are on a scale of 1-25, determined from the product of ratings 
for distribution (rated on a 1-5 scale in which 1 » 0-20% and 5 -  81- 
100% of the plants infected) and severity (the most severely diseased plant 
in a plot rated on a 1-5 scale in which I « few leaves infected and 5 * 
plants dead).
c Means followed by the same letter are not siginificantly different.
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Table 5.3. Rhizoctonia foliar blight (RFB)* ratings for soybean cultivars 
in maturity groups IV, V, VI, VII, and VIII, at Ben Hur Research 
Farm, Baton Rouge, LA, during the 1989, 1990 and 1991 growing 
seasons
__________ RFB raring (1-251_________
Cultivar 1989 1990 1991
Group IVb
Crawford 6 X -
Dynagrt>3409 - - 2
Pioneer 9501 - - I
Riverside 499 9 - -
STV/FFR 14710 - - 1
Williams 15 - -
Group V
A 5403 - 1 -
A 5979 - 1 0
AT 525 9 - -
AT 550 - 6 -
AT 575 4 - -
Bay 4 2 -
Bedford - 6 -
Bogard 50600 - - 1
Buckshot 503 - 3 -
Buckshot 507 - 2 0
Capehart Stone - 3 1
Coker 485 12 1 2
Coker 6995 - 4 -
Coker 6955 - - 0
Cordell - 1 -
Dynagro 3501 - - 0
DP 105 - 2 1
DP 415 4 2 1
DeltaKing 501 - - 1
DeltaKing 543 - - 0
Forrest - 12 3




Cultivar 1989 1990 1991
H 5566 - 2 2
H 5668 - 4 6
H 5258 - - 1
H 5008 - - 1
HB 89-576 - 3 -
HB 89-167B - - 1
Hartz 5370 - 1 -
Hanz5164 - 2 3
HSC 579 16 3 1
HSC 591 - - 1
Hutcheson - 1 1
HX 5650 - 7 -
Hartz HX 5191 - - 1
Hartz HX 54042 - - 1
LA78-465 9 - -
LA88-4095 - - 1
LA88-4094 - - 1
LA88-49 - - 2
LA88-21 - - 1
LA88-5014 12 7 -
LA88-6025 9 - -
LA88-5012 6 5 -
LA88-6023 4 - -
Pioneer 9591 3 4 1
Pioneer 9592 6 2 1
Pioneer 9593 - - 1
Pioneer 9582 - 2 1
RVS 577 - 11 1
S59-60 - - 6
STV/FFR 561 9 12 6
STV/FFR562 - 3 9
STV/FFR 595 - - 0
STV/FFR XP36578 - 5 -
TV 505 - 7 -
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Table 5.3 (continued)
RFB rating f l -251
Cultivar 1989 1990 1991
TV 553 - 1 -
TV 5693 - - 6
TV 5452 - - 1
TVX5567 - 12 -
TVX 5559 - 3 -
TVX5652 - - 1
TVX 5653 - - 2
UAPX42 - - 1
Walters - 3 4
Wilstar 550 - 9 0
Standard error± 1.08 0.56 0.32
Group VI
A 6961 - - 1
A 6297 - 7 0
A 6785 6 5 4
AT-EXP-0695 6 7 -
Baldwin 6 - -
Brim - 12 4
Bryan - 1 1
Buckshot 66 - - 1
Buckshot 603 - 6 2
Buckshot 604 3 - -
Cqun 20 15 6
Centennial 12 2 0
Coker 686 6 2 -
DP 506 - 2 -
DP 566 - 14 -
DP 726 4 2 1
DP 3627 6 2 0
DPX3680 - - 3
DPX3623 6 - -
Dynagro 3601 - - 1
Table 5.3 (continued)
RFB ratinfl <1-25*
Culdvar 1989 1990 1991
Hartz 6200 - 3 1
Hanz6686 6 14 1
Hartz 6570 6 -
Hartz HX6464 - - 1
HSC623 - - 1
HSC 682 - - 1
HSC B2J - 1 1
HX 307 - 9
HX 1039 - 1
H X6797 - 12 1

















LA88-55 - 4 1
LA88-40 - 11
LA88-407101 - - 1
LA99-408814 - - 0
Pioneer 9641 9 6 4
Pioneer 9691 4 3 -




RFB rating t l -25)
1989 1990 1991
Rl-11 12 - -
RA 680 6 2 -
RVS 613 - 1 -
RVS699 3 11 1
RVS 696 12 2 1
RVS 677 3 4 1
S64-23 - 6 1
S69-54 - 2 -
Sampson 8 - 4
Sharkey 4 6 1
Spartan 12 - -
STV/FFR 646 4 5 -
STV/FFR 606 - 7 -
STV/FFR 695 6 1 1
STV/FFR 72054 - - 1
TV 626 6 8 0
TV 6653 - - 0
TVX 6629 - 1 -
TV X6897 - - 9
TVX6670 - - 9
Twiggs 6 2 1
UAPX 29 - - 6
UAPX40 - - 2
UAPX 41 - - 2
Underwood 605 9 3 6
Underwood 607 8 5 1
Underwood 609 - - 9
Underwood 611 8 9 1
Victory - 4 -




Cultivar 1989 1990 1991
Group VII
Hartz 7126 8 4 1
A 7986 4 1 1
A 7258 12 6 1
AT 700 12 4 -
Braxton - 1 0
Buckshot 703 16 3 3
Coker 6847 4 1 1
Coker 6727 6 3 1
Colquitt 6 5 1
DPX 3720 - - 0
DPX 3733 - - 1
DPX 3776 - 3 0
H 7190 12 5 1
H 7585 12 6 1
Hartz HX7131 - - 6
HB90-741 - - 1
HB-R127 16 - -
HSC 721 * 5 1
HX 7788 - 3 -
LA78-5286 9 1 0
LA79-11123 16 5 1
LA79-1133 6 3 -
LA88-7001 - 3 -
LA88-62 - 5 -
LA87-7022 8 - -
LA87-7010 6 - -
LA79-11682 12 - -
LA78-17908 6 - -
LA79-1004 9 - -
LA87-7030 15 - -
LA87-7032 12 - -
Pioneer 9751 9 1 0
Pioneer 9761 





Cultivar 1989 1990 1991
Pioneer 9711 9 2 0
Rally 9 6 3
RVS 757 - 2 1
Stonewall 4 4 0
STV/FFR 37418 - - 4
Thomas - 5 0
TV 727 4 3 3
TV X7292 - - 1
Underwood 701P - 2 0
Underwood 703 6 8 -






Coker 6738 9 2 -
DPX 878 6 2 -
DPX 3818 - - 4
Hartz8112 4 - -
HX 8448 - 2 -
Year RFB mean 8.1 4.5 1.8
a RFB ratings are on a scale of 1-25, determined from the product of 
ratings for distribution (rated on a 1-5 scale in which 1 * 0-20% and 5 
» 81-100% of the plants infected) and seventy (the most severely 
diseased plant in a plot rated on a 1-5 scale in which 1 * few leaves 
infected and 5 » plants dead). 
b Data for Groups IV and VIII were not statistically analyzed because of 
too few entries each year. 
c Not tested
Table 5.4. Summary of Rhizoctonia foliar blight (RFB) ratings8 for commercial






l-5b 6-10 11-15 >16
IV 3 0 2 1 0
(0)c (66) (33) (0)
V 14 6 5 2 1
(43) (36) (14) (7)
VI 44 13 22 6 3
(30) (50) (14) (7)
VII 28 4 14 6 4
(14) (50) (22) (14)
v m 3 1 2 0 0
(33) (66) (0) (0)
Total 92 24 45 15 8
(26) (49) (16) (9)
RFB ratings are on a scale of 1-25, determined from the product of ratings for 
distribution (rated on a 1-5 scale in which 1 * 0-20% and 5 ■ 81-100% of the 
plants infected) and severity (the most severely diseased plant in a plot rated on
a 1-5 scale in which 1 « few leaves infected and 5 « plants dead).
k Classes for RFB ratings
c Figures in brackets indicate percentage of entries in each category.
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Table 5.5. Summary of Rhizoctonia foliar blight (RFB) ratings0 for commercial






l-5b 6-10 11-15 >16
V 37 29 4 4 0
00 '"o (11) (11) (0)
VI 54 31 13 9 1
(57) (24) (17) (2)
v n 28 25 3 0 0
(89) (11) (0) (0)
v rn 3 3 0 0 0
(100) (0) (0) (0)
Total 122 88 20 13 1
(72) (16) (11) (1)
RFB ratings are on a scale of 1-25, determined from the product of ratings for 
distribution (rated on a 1-5 scale in which 1 -  0-20% and 5 “  81-100% of the 
plants infected) and severity (the most severely diseased plant in a plot rated on
a 1-5 scale in which 1 ** few leaves infected and 5 * plants dead).
b Classes for RFB ratings
c Figures in brackets indicate percentage of entries in each category.
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Table 5.6. Summary of Rhizoctonia foliar blight (RFB) ratingsa for commercial




entries l-5*> 6-10 11-15 >16
IV 3 3 0 0 0
(100)c (0) (0) (0)
V 44 39 5 0 0
(89) (11) (0) (0)
VI 50 42 8 0 0
(84) (16) (0) (0)
VII 30 29 1 0 0
(97) (3) (0) (0)
v m 3 1 0 0 0
(100) (0) (0) (0)
Total 126 114 14 0 0
(26) (11) (0) (0)
RFB ratings are on a scale of 0-25, determined from the product of ratings for 
distribution (rated on a 1-5 scale in which 1 * 0-20% and 5 = 81-100% of the 
plants infected) and severity (the most severely diseased plant in a plot rated on
a 1-5 scale in which 1 * few leaves infected and 5 -  plants dead).
k Classes for RFB ratings. Several cultivars during the 1991 growing season
showed no disease.
c Figures in brackets indicate percentage of entries in each category.
Table 5.7. Average Rhizoctonia foliar blight (RFB) ratings* for soybean 
cultivars in maturity groups V, VI and VII, during 1989,1990, and 1991, 
at the Ben Hur Research Farm, Baton Rouge, LA
Maturity
group 1989 1990 1991
V 7.3 Bb 3.9 Bb 1.8 ABb
VI 7.4 B 5.7 A 2.2 A
v n 9.5 A 3.4 B 1.1 B
8 RFB ratings are on a scale of 1 -25, determined from the product of ratings 
for distribution (rated on a 1-5 scale in which 1 -  0-20% and 5 ■ 81- 
100% of the plants infected) and severity (the most severely diseased plant 
in a plot rated on a 1-5 scale in which 1 = few leaves infected and 5 = 
plants dead).
k Means followed by the same letter are not significantly different for 
individual years.
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Table 5.8. Average Rhizoctonia foliar blight (RFB) ratings4 for soybean 
cultivars in maturity groups V, VI, and VII, for combined analysis of RFB 
ratings during 1989 and 1990, at the Ben Hur Research Farm, Baton 
Rouge, LA
Maturity RFB rating Standard
group (l-25)a error
V 4.9 B*> 0.58
VI 6.5 A 0.42
v n 6.5 A 0.55
RFB ratings are on a scale of 1-25, determined from the product of ratings 
for distribution (rated on a 1-5 scale in which 1 ■ 0-20% and 5 = 81- 
100% of the plants infected) and severity (the most severely diseased plant 
in a plot rated on a 1-5 scale in which 1 -  few leaves infected and 5 * 
plants dead). RFB ratings of 1991 were not included in this analysis
because of poor disease development.
b Means followed by die same letter are not significantly different.
Table 5.9. Rhizoctonia foliar blight (RFB) ratings, plant height, leaf area, leaf
length, and leaf width for soybean culdvars in maturity group V, VI, VII, and VIII
at the Ben Hur Research Farm, Baton Rouge, LA., 1990
RFB Plant Leaf Leaf Leaf
rating height area length width
Cultivar (1-25)* (cm) (cm?) (cm) (cm)
Group V
A 5403 1 64
A5979 1 81 51 11 7
AT 550 6 81 73 14 8
Bay 2 - - - -
Buckshot 503 3 74 96 16 11
Buckshot 507 2 70 51 12 7
Capehart Stone 3 79 50 12 7
Coker 485 1 82 69 12
Coker 6995 4 81 60 12 7
Cordell 1 96 59 12 7
Deltapine 105 2 90 49 12
Deltapine 415 2 82 43 12 7
Forrest 12 81 63 12 7
H 5240 2 71 62 13 8
Hartz 5164 2 74 62 14 9
Hartz 5370 3 76 66 13 8
HB 89-576 3 93 48 11 6
HSC 579 3 84 67 15 8
Hutcheson 1 72 49 12 7
HX 5566 2 82 51 11 7
HX 5650 7 63 - - -
HX 5668 4 82 67 13 7
LA 88-5013 1 74 78 13 8
LA 88-9 3 74 46 11 8
Pioneer 9591 4 100 93 15 9
Pioneer 9592 2 77 62 12 8
Pioneer 9582 2 81 72 12 8
RVS 577 11 87 50 11 7



















STV/FFR 562 3 130 48 12 7
STV/FFR XP36578 5 90 95 15 9
TV 505 7 77 75 14 7
TV 553 1 77 .b - -
TVX 5567 12 47 64 13 8
TVX 5559 1 89 43 11 6





68 74 14 8
G roup VI
A 6297 7 91 68 14 9
A 6785 5 79 72 14 8
AT EXP-0695 7 88 95 15 9
Brim 12 109 55 12 7
Bryan 5 92 74 13 9
Buckshot 603 6 94 73 14 9
Cajun 15 66 115 17 12
Centennial 2 70 106 14 11
Coker 686 2 76 122 17 12
Deltapine 506 2 - - - -
Deltapine 566 14 81 79 13 8
Deltapine 726 2 - - - -
Deltapine DPX 3627 2 78 69 14 9
E.H.J.U 5 3 89 105 15 9
E.H.J.U 7 5 74 74 13 8
E.H.J.U 11 9 94 84 14 9
Hartz 6686 14 80 69 13 8
Hartz 6200 3 64 68 12 8
HB 90-623 4 60 71 14 9
HB 90 682 7 94 99 15 10
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Table 5.9 (continued)
RFB Plant Leaf Leaf Leaf
rating height area length width
Culdvar (1-25)* (cm) (cm2) (cm) (cm)
HSC B2J 1 76 93 15 11
HX 6797 12 83 48 12 5
HX 307 9 74 72 14 7
HX 1039 1 - - - -
LA 79-9729 11 105 71 12 8
LA 88-6055 12 97 53 13 5
LA 88-69 2 86 94 13 6
LA 88-6050 3 122 54 16 6
LA 88-6030 6 132 69 14 8
LA 88-6043 1 104 58 16 4
LA 88-39 3 112 48 11 6
LA 78-465 16 101 - - -
LA 88-5014 7 115 97 15 9
LA 88-5012 5 109 56 15 5
LA 88-55 4 82 82 13 9
LA 88-40 11 88 93 10 6
Lamar 7 80 97 15 10
Pioneer 9641 3 89 87 14 10
Pioneer 9691 3 89 73 14 8
Pioneer 9681 5 68 60 12 6
RA 680 2 77 81 15 9
RVS 613 1 66 64 12 8
RVS 699 11 90 43 15 5
RVS 696 2 84 96 14 10
RVS 677 4 90 65 12 8
S 64-23 6 95 82 13 9
Sharkey 6 120 65 13 8
STV/FFR 646 5 95 79 13 8
STV/FFR 606 7 71 74 13 9



















TV 626 8 85 75 14 9
TVX 6629 1 88 52 14 6
Twiggs 2 90 105 15 10
Victory 4 102 55 12 7
Standard error ± 0.47
Group VII
A 7258 4 127 63 14 8
A 7986 1 86 78 15 9
Braxton 1 108 74 14 8
Buckshot 703 3 83 71 13 9
Coker 6487 1 83 - - -
Coker 6727 3 74 95 14 8
Colquitt 5 80 75 14 9
Deltapine DPX 3776 3 101 99 15 10
E.H.J.U 3 8 85 100 15 9
E.H.J.U IP 2 111 80 13 9
H 7585 6 80 95 16 10
H7190 5 89 109 15 It
Hartz 7126 4 104 84 15 10
HSC 721 5 86 106 15 8
HX 7788 3 88 98 15 10
LA 78-5286 1 94 97 14 10
LA 79-11123 5 93 82 14 9
LA 79-1133 3 78 86 15 8
LA 88-7001 3 120 81 13 8
LA 88-62 5 89 82 14 10
Rally 6 92 118 17 12
RVS 757 2 83 100 15 9
Pioneer 9571 1 100 100 15 10
Pioneer 9711 2 84 70 13 6
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Table 5.9 (continued)
RFB Plant T *af Leaf Leaf
rating height area length width
Culdvar (1-25)* (cm) (cm?) (cm) (cm)
Pioneer 9791 2 95 93 14 10
Stonewall 4 82 84 15 9
Thomas 5 96 81 14 9
TV 727 3 85 97 14 9
Standard error ± 0.65
Group VIII
Coker 6738 2 107 71 13 7
Deltapine X878 2 - 82 14 8
HX 8448 2 79 150 17 14
a RFB ratings are on a scale of 1-25, determined from the product of ratings for
distribution (rated on a 1-5 scale in which 1 * 0-20% and 5 * 81-100% of the 
plants infected) and severity (the most severely diseased plant in a plot rated on a 
1-5 scale in which 1 * few leaves infected and 5 * plants dead), 
k Not measured
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Table 5.10. Rhizoctonia foliar blight (RFB) ratings, disease severity, leaf area,
and plant height, for soybean cultivan of maturity groups IV, V, VI, and VII, in

















RA452 14 76 24 55 -
Group V
A 5979 7 47 30 37 -
Bay 15 53 32 38 9
Bedford 1 33 24 42 5
Buckshot 507 8 39 38 39 -
Capehart Stone 16 53 32 38 4
H 5240 20 60 34 36 -
HSC 579 15 73 29 36 10
Hutcheson 14 64 28 27 3
Pioneer 9591 18 60 33 35 4
Pioneer 9592 5 38 32 47 4
Wilstar 550 15 73 33 38 9
Group VI
A 6279 10 33 34 35 7
Buckshot 603 4 35 32 43 7
Deltapine X3627 3 22 43 46 4
LeFlore 5 28 41 42 -
STV/FFR 695 3 33 32 43 4
Group VII
A 7258 9 26 40 51 7
A 7986 6 39 38 39 4
Coker 6847 3 38 35 47 4
Colquitt 1 38 44 57 6
H7190 11 53 37 46 9
H7585 5 35 39 43 9
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(Table 5.10. continued)
RFB Leaf Plant Overall
rating Disease area height RFB
Cultivar (1-25)* severity1* (cm2) (cm) (l-25)c
Hartz 7126 5 36 42 62 8
HSC 721 3 30 35 45 -
LA 79-11123 8 61 27 48 11
Pioneer 9711 2 38 29 47 6
Rally 6 - - 49 7
Stonewall 2 33 38 42 4
TV 727 7 43 34 40 4
LS°0.05 6.4 25.3
* Soybean plants were inoculated by spraying with a suspension of mycelial 
fragments and sclerotia (3.7 x 10^/ml).
b RFB ratings are on a scale of 1-25, determined from the product of ratings for 
distribution (rated on a 1-5 scale in which 1 * 0-20% and 5 -  81-100% of the 
plants infected) and severity (the most severely diseased plant in a plot rated on a 
1-5 scale in which 1 ■ few leaves infected and 5 * plants dead).
c Disease severity based on percent leaflet area covered by lesions.
d Overall RFB ratings are based the mean of RFB ratings obtained at several 
locations in Louisiana: Crowley, Burnside, Maringouin, St James, Port Allen (in 
1988), Ben Hur Research Farm in 1989 and 1990. Only commercial varieties 
rated at two locations or for at least 2 y were considered.
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Table 5.11. Average Rhizoctonia foliar blight (RFB) ratings and standard 
errors for soybean maturity groups V, VI and VII, during the 1991 growing 








V 11.9 Ac 0.99
VI 5.4 B 1.29
v n 4.8 B 0.79
* Soybean plants were inoculated by spraying with a suspension of 
mycelial fragments and sclerotia (3.7 x lO5Anl).
b RFB ratings are on a scale of 1-25, determined from the product of ratings 
for distribution (rated on a 1-5 scale in which 1 = 0-20% and 5 * 81- 
100% of the plants infected) and severity (the most severely diseased plant 
in a plot rated on a 1-5 scale in which 1 « few leaves infected and 5 * 
plants dead).
cMeans followed by the same letter are not significantly different
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* 27.429 + 2.1099k 





0 5 1510 20
RFB rating (1-25)
Fig. 5.1. Relationship between Rhizoctonia foliar blight (RFB) ratings of 
soybean culdvars in an inoculated trial at the Ben Hur Research Farm, 
Baton Rouge, LA, and disease severity (percentage of leaflet diseased) in 
the detached leaf inoculation technique. Twenty-nine soybean culdvars 
were used in this study. RFB ratings are on a scale of 1-25, determined 
from the product of ratings for distribution (rated on a 1-5 scale in which 1 
= 0-20% and 5 ® 81-100% of the plants infected) and severity (the most 
severely diseased plant in a plot rated on a 1-5 scale in which 1 * few leaves 
infected and 5 -  plants dead).
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Table 5.12. Pearsons correlation coefficients for relationship between RFB 
ratings®, plant height and leaf area for soybean cuttivars in maturity groups 
V, VI, and VII during 1991 in an inoculated trial at the Ben Hur Research 
Farm, Baton Rouge, LA
Correlation of RFB ratings with two plant characters 
Maturity Plant bright Leaf area
group rvalue p>r rvalue p>r
V -0.58 0.063 0.38 0.242
VI -0.97 0.007 -0.19 0.751
v n -0.12 0.684 -0.12 0.701
Overall -0.49 0.007 -0.31 0.107
a RFB ratings are on a scale of 1-25, determined from the product of ratings 
for distribution (rated on a 1-5 scale in which 1 * 0-20% and 5 « 81- 
100% of the plants infected) and severity (the most severely diseased plant 




During 1988, RFB ratings were made at three locations in Louisiana. Ratings 
for some culdvars varied at different locations. For example, culdvar Buckshot 603 
had a higher rating at the Burnside location than at the Maringouin location, while 
YK699 had a higher rating at Maringouin than at Bumside. Yang, et al. (5.37) 
reported that aerial blight caused by R. sotani AO-1 IA was more prevalent in the 
Burnside area (80-100%) compared to web blight caused by R. solani AG-1 IB (0- 
20%) whereas web blight was more prevalent at the Maringouin location (70%) 
compared to aerial blight (30%) during 1988. This could probably be one of the 
important reasons for the variation of the culdvar reactions in these two locations. It is 
possible that some culdvars may react differently to the web blight and the aerial blight 
pathogens. RFB ratings of Braxton and Deltapine 566 were uniform across the three 
locations. It is also possible that these culdvars react uniformly to the two types of 
RFB. It would be easier to recommend culdvars with uniform ratings across 
locations for commercial cultivation.
Similarly, during the three years of screening for RFB at the Baton Rouge 
location, some of the culdvars reacted differently from 1989 to 1990. We have 
observed the presence of both aerial and web blight isolates at this location. Yang, et 
al. (5.37) reported that web blight was the most prevalent form during 1987 (100%) 
and 1988 at this location. However, in 1988, aerial blight also was observed at this 
location (5.34). Drastic variation in the prevalence of the web blight and the aerial 
blight isolates within a short distance (7 km) has also been observed (5.37). RFB of 
soybean has been described as a clustered type of disease (5.34,5.35,5.38). The 
inoculum of R. solani is not uniformly distributed throughout the field and this could 
possibly explain the drastic variation in the foliar infection levels from year to year.
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There were no significant differences in the average RFB ratings for the soybean 
culdvars in maturity groups V, VI, and VII during 1988. However, during 1989, 
culdvars in group VII were the most susceptible. In comparison, the culdvars in the 
maturity group VI woe the most susceptible in 1990. A combined analysis of die data 
from 1989 and 1990 indicated that the culdvars in group VI and VII were significantly 
more susceptible than the culdvars in group V. The data from 1991 was not included 
in this analysis because of very low RFB ratings.
Rainfall during the flowering stages of soybean encourages the outbreak of RFB 
(5.18,5.30,5.33,5.34,5.35). Similarly, a significant correlation between the amount 
of rainfall and the disease spread has also been reported (5.34,5.35). The variation in 
the rainfall pattern from 1989 to 1990 could be one of the reasons for the variation in 
the susceptibility of the culdvars in these different groups. During 1989, the total 
amount of rainfall during the soybean growing season at the Baton Rouge location 
(May-October) was 104 cm (64 rainy days), while in 1990 it was 50 cm (51 rainy 
days). During these two years the culdvars in the group V were significantly less 
susceptible than either the group VI or the VII culdvars. However, in the inoculated 
trial during the 1991 growing season the culdvars in the group V were significantly 
more susceptible than the culdvars in group VI or VII. Culdvars in group V may 
escape the rapid outbreak of RFB by maturing early than the group VI or group VII 
cultivars.
The results from the commercial culdvar trials in 1988, 1989,1990 and 1991, 
clearly indicates that relying on natural source of inoculum for evaluation of resistance 
to RFB leads to erratic results which are hence unreliable. However, during the 1989 
growing season the RFB ratings were high (overall mean -  8.1) and most confidence 
on the level of resistance of soybean cultivars to RFB can be placed on the ratings 
obtained during that year in contrast to 1990 or 1991.
Because of the drastic variation in the foliar infection levels from year to year, 
we established the inoculated trial in 1991. In addition the detached leaf inoculation 
technique was also used to evaluate resistance to RFB. The inoculated trial was more 
effective compared to the commercial cultivar trials that relied on natural source of 
inoculum. During the 1991 season, the use of an inoculated nursery provided very 
valuable information, that was not available in the commercial varietal trial since 
natural development of RFB was poor. The overall mean RFB rating for the 
inoculated trial was 8.0, whereas it was only 1 for the same cultivars in the 
commercial cultivar trial.
A highly significant correlation was observed between disease severity in the 
detached leaf inoculation technique and the RFB ratings in the inoculated nursery in 
the field. The detached leaf inoculation technique could probably be used for the rapid 
screening of cultivars. Moreover, the detached leaf inoculation technique could also 
provide much information on the resistance of the cultivars in years when the 
environmental conditions are not conducive to disease development in the Held. 
Large scale screening of commercial varieties could be easily accomplished by spray 
inoculating cultivars in the field at canopy closure, and supplementing this information 
by screening the cultivars using the detached leaf inoculation technique.
There were no significant correlations between the various agronomic traits and 
RFB ratings during 1990. However, during 1991 in the inoculated nursery a 
significant negative correlation was observed between the plant height and RFB for 
group V and group VI cultivars. There was also a significant negative correlation 
between the plant height and the RFB ratings when all the groups were analyzed 
together. Taller cultivars had lower RFB ratings compared to the shorter cultivars in 
the inoculated nursery. Taller cultivars may dry more rapidly than the shorter cultivars 
and thus slow the spread of RFB. The density of the crop canopy is an important 
factor in the development of RFB. Highly significant correlations between the row 
spacing and soybean defoliation by RFB has also been reported (5.18,5.19).
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Although we observed no significant correlations between leaf area and RFB ratings, 
soybean leaflet type affects the susceptibility of cultivars to aerial blight (3.13). 
However, multiple regression analysis with all the agronomic traits did not yield 
significant correlations with RFB ratings during 1990 or in the inoculated nursery 
during 1991. Another important factor is the inter-plot interference. In these trials the 
cultivars were planted randomly and thus in many cases the tall and the short cultivars 
were planted in adjacent plots. Placement of plots could have had an effect on aeration 
and rate of foliage drying in adjacent plots. Experiments with larger plot sizes need to 
be conducted to test the effect of the agronomic traits on RFB. Similarly, experiments 
also need to be conducted to further understand the effect of various environmental 
factors such as temperature and rainfall on the development of the two types of RFB 
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The results obtained in the current investigations indicated differences and 
similarities between Rhizoctonia solani Ktthn AO-1 IA (aerial blight) and IB (web 
blight) isolates. Both aerial and web blight isolates of R. solani AG-1 formed 
infection cushions on soybean leaves. The formation of infection cushions by the 
aerial and web blight isolates were similar, however, production of mucilagenous 
material appeared to be greater with web blight isolate. The important features noted 
consistently during the formation of infection cushion, were the alignment of the 
inverted "T" shaped foot with the grooves formed by the anticlinal walls of the 
epidermal cells and the shortening of the hypha between the lateral branches forming 
the inverted "T" shaped foot. Leaf topography did not induce infection cushion 
formation by isolates of AG-t IA or IB. Infection cushions were formed on 
collodion membranes placed over soybean leaves of susceptible and resistant cultivars 
by both AG-1 IA and IB isolates. The results obtained during these investigations 
indicate that a specific chemical stimulus is needed for the induction of infection 
cushion formation. More infection cushions were formed on leaves of resistant or 
susceptible cultivars when inoculated plants were kept in continous darkness 
compared to continous light or alternating light/dark conditions. Glucose and 3-0- 
methylglucose (MEG) significantly reduced the disease severity caused by both the 
AG-1 IA and IB isolates on soybean leaves. However, spraying of glucose or MEG 
solutions 40 h or longer after inoculation did not significantly reduce disease severity 
in comparison to the controls. Highly significant positive correlations were obtained 
between disease severity and the numbers of infection cushions formed on leaves of 
10 soybean cultivars. Fewer infection cushions were formed on resistant cultivars 
than on susceptible cultivars.
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Isolates of AO-1 (IA, IB, IC), AG-4, and AG-5 caused significantly greater 
disease severity on soybean leaves than isolates of any other anastomosis groups. 
Oily the isolates of AO-1 IA, IB, IC, AO-4, and AG-5 formed infection cushions on 
soybean leaves. Isolates of other AO's of R. solani did not form infection cushions 
on soybean leaves. The data indicates the potential of AO-t IC  AO-4, and AG-5 to 
be destructive foliar pathogens of soybean. There were no significant differences in 
the disease severity or the numbers of infection cushions formed by the isolates of 
AO-1 IA and IB at 20,25 or 30 C; however isolates of AG-1 IA formed significantly 
more infection cushions and caused greater disease severity than AG-1 IB isolates at 
35 C. The differential effect of temperature on the virulence of aerial blight (AG-1 
IA) and web blight (AO-t IA) isolates could possibly explain the variation in foliar 
infection levels observed in soybean fields from one year to next.
Isolates of both AO-1 IA and IB caused seedling infections. There were no 
significant differences in the levels of seedling infections caused by AG-1 LA or IB at 
20, 25, or 30 C. Mote seedling infections were noted at 20-25 C, whereas more leaf 
infections were observed at higher temperatures (25-30) by both AO-1 IA and IB. 
The results suggest that the infection and colonization of different host parts are 
affected differentially by temperature.
Fifty four percent (35/65) of all isolates of R. solani tested had Double-stranded 
RNA (dsRNA) components. DsRNA was detected in 61% of the AG-1 IA isolates 
and 65% of the AG-1 IB isolates. Most of the isolates of AG-1 IA had seven 
dsRNA components with molecular sizes ranging from 1.3 to 9.3 kb. Most of the 
AG-1 IB isolates had only one 12 kb dsRNA component. Not all isolates obtained 
from the same field had dsRNA components.
Serial subculturing of two isolates of R. solani up to six transfers indicated that 
the dsRNA components were stable. The dsRNA components were located in the 
cytoplasm of the fungal cell. No dsRNA could be detected in isolates of AG-1 IB (2
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isolates tested), and one isolate of AO-1 IA after growth at 35 C for one week; 
however, the dsRNA components of one isolate of AO-1 IA were not lost at 35 C. 
In spite of the loss of dsRNA in three of the isolates, there was no significant 
difference in the virulence of these isolates when compared to those containing 
dsRNA. There were no significant differences in the virulence of the dsRNA- 
containing and dsRNA-free isolates in both AG-1 IA and IB groups. No significant 
differences were noted among isolates of AO-1 IA and IB with respect to mycelial 
growth on potato dextrose agar or phenol oxidase activity. Our results indicate that 
the presence or absence of dsRNA in R. solani AG-1 IA or IB does not correlate 
with virulence of the isolates.
Extensive variation in the elctrophoretic band patterns of dsRNA was observed 
among the isolates of R. solani belonging to AG-1 IC, and AG's 2, 3, 4, 5 and 7. 
The dsRNA electrophoretic band patterns of these AG's were different from those of 
AG-1 IA or IB.
Variations in the response of soybean cultivars to Rhizoctonia foliar blights 
(RFB) at several locations were observed over four years of testing. Several resistant 
and susceptible cultivars were identified. During the 1990 growing season there were 
no significant correlations between plant height or leaf area and RFB ratings. 
Significant negative correlations were observed between plant height and RFB during 
the 1991 growing season in an inoculated trial. Highly significant correlations were 
observed between the RFB ratings in the inoculated trial and disease severity on 
inoculated detached leaflets. The results indicated that reliable evaluation of resistance 
to RFB in commercial cultivars could be accomplished by spray inoculating the 
soybean cultivars during the canopy closure period and supplementing this 
information with results from the detached leaflet inoculation technique.
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AREAS OF FUTURE RESEARCH
Several previously unexplored areas relating to the Rhizoctonia foliar blights of 
soybean were discussed in Chapter 1, and hence efforts were made to answer some 
of these questions in this dissertation. Further research is needed to understand the 
Rhizoctonia foliar blights of soybean in greater depth in the following areas:
1. The knowledge of the chemical nature of the compound which stimulates 
infection cushion formation by R. solani on soybean leaves would enable us to have 
a better understanding of the R. solani-soybean interaction system. Knowledge of 
the nature of the stimulant in the R. solani-soybean system could also lead to the 
development of other screening techniques for resistance to RFB.
2. The effect of temperature on the two RFB types under field conditions. Does 
temperature affect the variation in the levels of the two types of RFB of soybean?
3. The relatedness between the dsRNA components in the AG-1 IA and IB isolates, 
and their effects on R. solani.
4. The variation in the response of soybean cultivars to R. solani AG-1 IA and IB, 
and the response of soybean cultivars to a combination of aerial and web blight 
isolates.
Above are some suggested areas of potential future research. Hopefully these 
ideas will instigate further questions and investigation, thus creating new dimensions 
in the area of RFB of soybean.
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